TITLE OF THE INVENTION 

Semiconductor Device Comprising Capacitor and Method 
of Fabricating the Same 
Cross-reference to Related Application 

This application is related to copending application 
Serial Number 08/710,901 which is a continuation 
application of 08/253,435 and Serial Number 08/882,300 
which is a continuation application of 08/157,249, 
commonly assigned with the present invention. 
BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a semiconductor 
device and a method of fabricating the same, and more 
specifically, it relates to a semiconductor device 
comprising a capacitor and a method of fabricating the 
same. 

Description of the Prior Art 

In recent years, high integration and refinement are 
increasingly required to a semiconductor device, 
particularly a semiconductor memory device such as a DRAM 
(dynamic random access memory) . Fig. 114 is a typical plan 
view showing a part of a memory cell region of a 
conventional DRAM. Referring to Fig. 114, the memory cell 
region of the conventional DRAM comprises a capacitor 
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including a field-effect transistor and capacitor lower 
electrodes 1170a and 1170b, word lines 1043a, 1043b, 1043e 
and 1043f and a bit line 1174. The field-effect transistor 
is formed by the word lines 1043a and 1043e serving as 
5 gate electrodes and an active region 1039 serving as a 

source/drain region. In more concrete terms, the active 
region 1039 is formed in a major surface of a 
semiconductor substrate, and the word lines 1043a, 1043b, 
1043e and 1043f are formed on the major surface of the 

10 semiconductor substrate. A first interlayer isolation film 
(not shown) is formed on the word lines 1043a, 1043b, 
1043e and 1043f and the major surface of the semiconductor 
substrate. The bit line 1174 is formed on the first 
interlayer isolation film substantially perpendicularly to 

15 the word lines 1043a, 1043b, 1043e and 1043f . A second 

interlayer isolation film (not shown) is formed on the bit 
line 1174 and the first interlayer isolation film. The 
capacitor lower electrodes 1170a and 1170b are formed on 
the second interlayer isolation film. The bit line 1174 is 

20 electrically connected with the active region 1039 through 
a contact hole 1049. The capacitor lower electrodes 1170a 
and 1170b are electrically connected with single ones of 
source/drain regions of the field-effect transistor in the 
active region 1039 through contact holes 1038a and 1038b 

25 respectively. Fig. 115 is a sectional view of the memory 



cell region of the DRAM taken along the line 500-500 in 
Fig. 114. 

Fig. 115 is a sectional view showing the section 
taken along the line 500-500 in Fig. 114 and a section of 
5 a peripheral circuit region of the DRAM. Referring to Fig 
115, source/drain regions 1201a and 1201b of the field- 
effect transistor are formed on the active region 1039 
enclosed with a trench isolation oxide film 1040 in the 
memory cell region of the DRAM. A gate electrode 1043a is 

10 formed on a channel region held between the pair of 
source/drain regions 1201a and 1201b through a gate 
insulating film 1042a. A silicon nitride film fc 1044a is 
formed on the gate electrode 1043a. The gate electrode 
1043a consists of n-type doped polysilicon. Side walls 

15 1046a and 1046b consisting of silicon nitride films are 
formed on side surfaces of the gate electrode 1043a and 
the silicon nitride film 1044a. A non-doped silicon oxide 
film 1047 is formed on the side walls 1046a and 1046b, the 
silicon nitride film 1044a and a major surface of a 

20 semiconductor substrate 1001. A gate electrode 1043b is 
formed on the trench isolation oxide film 1040 through a 
gate insulating film 1042b. A silicon nitride film 1044b 
is formed on the gate electrode 1043b. Side walls 1046c 
and 1046d consisting of silicon nitride films are formed 

25 on side surfaces of the gate electrode 1043b and the 
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silicon nitride film 1044b. The non-doped silicon oxide 
film 1047 is formed on the side walls 1046c and 1046d and 
the silicon nitride film 1044b. A first interlayer 
isolation film 1048 is formed on the non-doped silicon 
5 oxide film 1047. The contact hole 1049 is formed by 

partially removing the first interlayer isolation film 
1048 and the non-doped silicon oxide film 1047 by etching. 
A doped polysilicon film 1052 is formed in the contact 
hole 1049 and on the first interlayer isolation film 1048. 

10 A refractory metal silicide film 1053 is formed on the 

doped polysilicon film 1052. The doped polysilicon film 
1052 and the refractory metal silicide film 1053 form the 
bit line 1174. A silicon nitride film 1054 is formed on 
the refractory metal silicide film 1053. Side walls 1055a 

15 and 1055b consisting of silicon nitride films are formed 
on side surfaces of the silicon nitride film 1054, the 
refractory metal silicide film 1053 and the doped 
polysilicon film 1052. A second interlayer isolation film 
1037 is formed on the first interlayer isolation film 1048 f 

20 the side walls 1055a and 1055b and the silicon nitride 

film 1054. The first and second interlayer isolation films 
1048 and 1037 are partially removed, thereby forming the 
contact hole 1038a for electrically connecting the 
capacitor lower electrode 1170a with one of the 

25 source/drain regions 1201a and 1201b. A plug 1057 



consisting of doped polysilicon is formed in the contact 
hole 1038a. The capacitor lower electrode 1170a is formed 
in the contact hole 1038a and on the second interlayer 
isolation film 1037. The capacitor lower electrode 1170a 
5 has a cylindrical structure, in order to ensure the 

capacitance of the capacitor with a small occupied area. A 
dielectric film 1150 is formed on the capacitor lower 
electrode 1170a and the second interlayer isolation film 
1037. A capacitor upper electrode 1151 is formed on the 

10 dielectric film 1150. A third interlayer isolation film 
1205 is formed on the capacitor upper electrode 1151. 

The peripheral circuit region is provided fc with the 
field-effect transistor and a wiring layer 1202 which are 
elements forming peripheral circuits. Source/drain regions 

15 1201d and 1201e are formed on the major surface of the 
semiconductor substrate 1001. Gate electrodes 1043c and 
1043d are formed on channel regions which are adjacent to 
the source/drain regions 1201d and 1201e through gate 
insulating films 1042c and 1042d respectively. Silicon 

20 nitride films 1044c and 1044d are formed on the gate 

electrodes 1043c and 1043d. Side walls 1046e to 1046g 
consisting of silicon nitride films are formed on side 
surfaces of the gate electrodes 1043c and 1043d and the 
silicon nitride films 1044c and 1044d. The non-doped 

25 silicon oxide film 1047 is formed on the major surface of 
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the semiconductor substrate 1001, the silicon nitride 
films 1044c and 1044d and the side walls 1046e to 1046g. 
The first interlayer isolation film 1048 is formed on the 
non-doped silicon oxide film 1047. The first interlayer 
isolation film 1048 is partially removed, thereby forming 
contact holes 1050 and 1051. The doped polysilicon film 
1052 is formed on the first interlayer isolation film 1048 
and in the contact holes 1050 and 1051. The refractory 
metal silicide film 1053 is formed on the doped 
polysilicon film 1052. The doped polysilicon film 1052 and 
the refractory metal silicide film 1053 form the wiring 
layer 1202 in the peripheral circuit region, ft silicon 
nitride film 1203 is formed on the refractory metal 
silicide film 1053. Side walls 1204a and 1204b consisting 
15 of silicon nitride films are formed on side surfaces of 
the silicon nitride film 1203, the refractory metal 
silicide film 1053 and the doped polysilicon film 1052. 
The second interlayer isolation film 1037 is formed on the 
first interlayer isolation film 1048, the silicon nitride 
film 1203 and the side walls 1204a and 1204b. The 
dielectric film 1150 of the capacitor extending from the 
memory cell region is formed on the second interlayer 
isolation film 1037. The capacitor upper electrode 1151 is 
formed on the dielectric film 1150. The third interlayer 
isolation film 1205 is formed on the second interlayer 
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isolation film 1037 and the capacitor upper electrode 1151. 

Fig. 116 illustrates a modification of the memory 
cell region of the conventional RAM shown in Fig. 115. 
This modification has a capacitor lower electrode 1092 
5 which is in the form of a thick film. The structure of 
this modification is substantially identical to that of 
the conventional DRAM shown in Fig. 115, except the shape 
of the capacitor lower electrode 1092. 

As shown in Fig. 115 or 116, the capacitor lower 

10 electrode 1170a or 1092 is formed to vertically extend in 
the memory cell region of the conventional DRAM, in order 
to ensure the capacitance of the capacitor while 
facilitating high integration and refinement. Thus, the 
capacitance required to the capacitor can be ensured while 

15 reducing the occupied area of the capacitor lower 

electrode 1170a or 1092 in the memory cell region. However, 
such vertical extension of the capacitor lower electrode 
1170a or 1092 in the memory cell region results in extreme 
difference between the vertical positions of the upper 

20 surface of the third interlayer isolation film 1205 in the 
memory cell region and the peripheral circuit region. In 
general, a wiring layer consisting of aluminum or the like 
is formed on the third interlayer isolation film 1205. In 
a photolithographic step for forming this wiring layer, 

25 however, no sufficient focal allowance for 
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photolithography can be attained due to the step on the 
upper surface of the third interlayer isolation film 1205 
in the memory cell region and the peripheral circuit 
region. Thus, the pattern of the wiring layer formed on 
5 the third interlayer isolation film 1205 is so blurred 
that the wiring layer is disconnected or shorted. 
Consequently, the semiconductor device is 
disadvantageous ly reduced in reliability. 

In the peripheral circuit region of the conventional 

10 DRAM, further, contact holes 1144 and 1135 are formed in 
order to electrically connect the wiring layer 1202 and 
the capacitor upper electrode 1151 in the peripheral 
circuit region with a wiring layer (not shown) consisting 
of aluminum or the like formed on the third interlayer 

15 isolation film 1205, as shown in Fig. 117. While the 

contact holes 1144 and 1135 are generally simultaneously 
formed in the same etching step, the capacitor upper 
electrode 1151 is excessively etched on a bottom portion 
of the contact hole 1135 until the contact hole 1144 

20 reaches the wiring layer 1202, due to the difference 
between the depth positions of the capacitor upper 
electrode 1151 and the wiring layer 1202 formed in the 
peripheral circuit region. Consequently, the contact hole 
1135 may pass through the capacitor upper electrode 1151 

25 and the dielectric film 1150, as shown in Fig* 117. 



Further, the elements of the peripheral circuit region 
such as the wiring layer 1202 and the field-effect 
transistor may be damaged by the etching for forming the 
contact hole 1135, Consequently, the reliability of the 
5 semiconductor device is so reduced that the same cannot 
stably operate or causes a malfunction. 
SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
semiconductor device which can be implemented with higher 

10 density of integration while ensuring the capacitance of 
the capacitor, and has high reliability. 

Another object of the present invention iS to provide 
a method of fabricating a semiconductor device which can 
be implemented with higher density of integration while 

15 ensuring the capacitance of the capacitor, and has high 
reliability. 

A semiconductor device according to a first aspect of 
the present invention includes a memory cell region and a 
peripheral circuit region, and comprises an insulating 

20 film, a capacitor lower electrode, a dielectric film and a 
capacitor upper electrode, which are formed on a major 
surface of a semiconductor substrate. The insulating film 
having an upper surface is formed on the major surface of 
the semiconductor substrate to extend from the memory cell 

2 5 region to the peripheral circuit region. The capacitor 




lower electrode is formed on the major surface of the 
semiconductor substrate to upwardly extend beyond the 
upper surface of the insulating film in the memory cell 
region. The capacitor upper electrode is formed on the 
5 capacitor lower electrode through the dielectric film, to 
extend onto the upper surface of the insulating film. The 
capacitor lower electrode includes a capacitor lower 
electrode part upwardly extending in opposition to the 
capacitor upper electrode and having a top surface and a 

10 bottom surface. The upper surface of the insulating film 
is located between the top surface and the bottom surface 
of the capacitor lower electrode part. 

Thus, the capacitor lower electrode is partially 
embedded in the insulating film. Consequently, the 

15 difference between the vertical positions of the upper 

surface of the insulating film extending from the memory 
cell region to the peripheral circuit region and the top 
surface of the capacitor lower electrode part in the 
memory cell region can be reduced as compared with the 

20 prior art. In case of forming an interlayer isolation film 
on the capacitor lower electrode and the insulating film, 
therefore, a step on an upper surface of this interlayer 
isolation film can be reduced between the memory cell 
region and the peripheral circuit region. In case of 

25 forming a wiring layer on the insulating film by 
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photolithography, the pattern of this wiring layer can 
consequently be prevented from being blurred by such a 
step on the upper surface of the interlayer isolation film. 
Thus, the wiring layer can be prevented from disconnection 
or shorting resulting from a blurred pattern. Consequently, 
the semiconductor device can be implemented with higher' 
density of integration while ensuring the capacitance of 
the capacitor and attaining high reliability. 

The capacitor lower electrode is partially embedded 
in the insulating film, whereby the capacitor upper 
electrode can be formed on an outer side surface of the 
capacitor lower electrode part located between c the top 
surface of the capacitor lower electrode part arid the 
upper surface of the insulating film through the 
dielectric film. Thus, the outer side surface of the 
capacitor lower electrode part can also be utilized as the 
capacitor, thereby increasing the capacitance of the 
capacitor. 

Further, the area of the outer side surface of the 
capacitor lower electrode part which can be utilized as 
the capacitor can be changed by changing the position of 
the upper surface of the insulating film. Thus, the 
capacitance of the capacitor can be changed without 
changing the shape of the capacitor lower electrode part. 

In the structure of the semiconductor device 
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according to the first aspect of the present invention, 
the capacitor lower electrode may include first and second 
capacitor lower electrodes, which may be formed in the 
memory cell region to be adjacent to each other through a 
part of the insulating film. This part of the insulating 
film may have a width which is smaller than the minimum 
working size formable by photolithography. Thus, the 
distance between the first and second capacitor lower 
electrodes can be reduced as compared with the prior art. 
Consequently, the semiconductor device can be implemented 
with higher degree of integration. 

In the structure according to the first aspect of the 
present invention, the semiconductor device may comprise a 
side wall electrode part which is formed on a side surface 
of the capacitor lower electrode located upward beyond the 
upper surface of the insulating film. Thus, the surface 
area of the side surface of the capacitor lower electrode 
can be increased as compared with the prior art, thereby 
increasing the capacitance of the capacitor. Therefore, 
the occupied area of the capacitor lower electrode can be 
reduced as compared with the prior art while ensuring a 
constant capacitor capacitance. Consequently, the 
semiconductor device can be further refined. 

In the structure according to the first aspect of the 
present invention, the semiconductor device may comprise a 
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first wiring layer and a first ihterlayer isolation film. 
The first wiring layer may be formed on the major surface 
of the semiconductor substrate in a region located under 
the capacitor lower electrode, and the first interlayer 
isolation film may be formed to be in contact with the 
first wiring layer and the capacitor lower electrode part 
on the first wiring layer. Thus, the number of layers 
formed in the memory cell region can be reduced as 
compared with the case of forming a protective insulating 
film for protecting the first wiring layer between the 
first wiring layer and the first interlayer isolation film. 
Therefore, the vertical position of the top surface of the 
capacitor lower electrode part can be lowered in the 
memory cell region. In case of forming an interlayer 
isolation film on the capacitor lower electrode and the 
insulating film, therefore, a step on the upper surface of 
the interlayer isolation film between the memory cell 
region and the peripheral circuit region can be reduced. 
In case of forming a wiring layer on the interlayer 
isolation film by photolithography, the pattern of this 
wiring layer can consequently be prevented from being 
blurred by such a step on the upper surface of the 
interlayer isolation film. Thus, the wiring layer can be 
prevented from disconnection or shorting resulting from a 
25 blurred pattern. 



15 



20 
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In the structure according to the first aspect of the 
present invention, the semiconductor device may further 
comprise a first conductive region, a second interlayer 
isolation film, a second wiring layer and a connecting 
5 conductor film. The first conductive region may be formed 
on the major surface of the semiconductor substrate in a 
region located under the capacitor lower electrode, and 
the second interlayer isolation film may be formed on the 
first conductive region with a first contact hole exposing 

10 a surface of the first conductive region. The second 
wiring layer may be formed on the second interlayer 
isolation film, and the connecting conductor film may be 
formed in the first contact hole to electrically connect 
the first conductive region with the second wiring layer. 

15 The second wiring layer may have a width smaller than that 
of the first contact hole. 

Thus, the semiconductor device can be refined as 
compared with the general case of forming the second 
wiring layer in a width completely covering the first 

20 contact hole. 

In the structure according to the first aspect of the 
present invention, the semiconductor device may further 
comprise a second conductive region, a third interlayer 
isolation film, a third wiring layer, a wire protection 

25 film and a conductor film. The second conductive region 
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may be formed on the major surface of the semiconductor 
substrate in a region located under the capacitor lower 
electrode , and the third interlayer isolation film may be 
formed on the second conductive region with a second 
5 contact hole exposing a surface of the second conductive 
region. The conductor film may be formed in the second 
contact hole to electrically connect the second conductive 
region with the capacitor lower electrode, and the wire 
protection film may be in contact with the capacitor lower 

10 electrode or the conductor film. 

Thus, the wire protection film can be employed as a 
mask for etching for forming the second contact hole in a 
fabrication step for the semiconductor device. Therefore, 
no step of forming a resist pattern independently employed 

15 as a mask is required for forming the second contact hole, 
and the number of fabrication steps for the semiconductor 
device can be reduced. 

In the structure according to the first aspect of the 
present invention, the semiconductor device may further 

20 comprise a fourth interlayer isolation film and a 

peripheral circuit element protection film. The capacitor 
upper electrode may be formed to extend toward the 
peripheral circuit region, and the fourth interlayer 
isolation film may be formed on the capacitor upper 

25 electrode with a third contact hole exposing a surface of 
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the capacitor upper electrode. The peripheral circuit 
element protection film may be formed under the insulating 
film in a region located under the third contact hole. 

Thus, the peripheral circuit element protection film 
5 can inhibit progress of etching even if the third contact 
hole passes through the capacitor upper electrode and 
reaches the insulating film in formation of the third 
contact hole by etching. Therefore, peripheral circuit 
elements such as a field-effect transistor and a wiring 

10 layer in the peripheral circuit region can be prevented 
from damage caused by etching for forming the third 
contact hole. Thus, the semiconductor device c'an be 
prevented from a defective operation resulting from damage 
of the elements of the peripheral circuit region. 

15 Consequently, a highly reliable semiconductor device can 
be obtained. 

In the structure according to the first aspect of the 
present invention, the semiconductor device may further 
comprise a peripheral circuit insulating film and a fourth 

20 interlayer isolation film. The peripheral circuit 

insulating film may have a peripheral circuit region 
opening in the peripheral circuit region, and the 
capacitor upper electrode may be formed to extend into the 
peripheral circuit region opening. The fourth interlayer 

25 isolation film may be formed on the peripheral circuit 
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region opening with a fourth contact hole exposing a 
surface of the capacitor upper electrode. 

Therefore, the depth of the fourth contact hole may 
be changed to reduce the difference between the same and 
that of another contact hole in the peripheral circuit 
region by adjusting the depth of the peripheral circuit 
region opening and the thickness of the capacitor upper 
electrode. Thus, the fourth contact hole can be prevented 
from passing through the capacitor upper electrode to 
damage peripheral circuit elements such as a field-effect 
transistor and a wiring layer due to difference between 
the depths of the fourth contact hole and the other 
contact hole in the peripheral circuit region. Thus, the 
semiconductor device can be prevented from a defective 
15 operation such as a malfunction resulting from damage of 
the peripheral circuit elements. Consequently, a highly 
reliable semiconductor device can be obtained. 

In the structure according to the first aspect of the 
present invention, the semiconductor device may further 
20 comprise a fourth interlayer isolation film and a 

peripheral circuit element. The capacitor upper electrode 
may be formed to extend toward the peripheral circuit 
region, and the fourth interlayer isolation film may be 
formed on the capacitor upper electrode with a fifth 
25 contact hole exposing a surface of the capacitor upper 
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electrode. The peripheral circuit element may be formed 
under the insulating film in the peripheral circuit region. 
The fifth contact hole may be formed in a region not 
overlapping with the peripheral circuit element in plane. 
5 Thus r the peripheral circuit element can be prevented 

from damage caused by etching even if the etching so 
progresses that the fifth contact hole passes through the 
capacitor upper electrode in formation of the fifth 
contact hole. Therefore, the semiconductor device can be 
10 prevented from a defective operation such as a malfunction 
resulting from damage of the peripheral circuit element. 
Consequently, a highly reliably semiconductor device can 
be obtained. 

A semiconductor device according to a second aspect 
15 of the present invention includes a memory cell region and 
a peripheral circuit region, and comprises a semiconductor 
substrate having a major surface, an insulating film, a 
capacitor lower electrode, a dielectric film and a 
capacitor upper electrode. The insulating film is formed 
20 on the major surface of the semiconductor substrate to 
extend from the memory cell region to the peripheral 
circuit region. The capacitor lower electrode, including 
first and second capacitor lower electrodes, is formed on 
the major surface of the semiconductor device to extend to 
25 a vertical position substantially identical to that of an 
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upper surface of the insulating film. The first and second 
capacitor lower electrodes are adjacent to each other 
through a part of the insulating film. The capacitor upper 
electrode is formed on the capacitor lower electrode 
5 through the dielectric film, to extend toward the upper 
surface of the insulating film. The capacitor lower 
electrode includes a capacitor lower electrode part 
upwardly extending in opposition to the capacitor upper 
electrode and having a top surface and a bottom surface. 

10 The part of the insulating film has a width which is 
smaller than the minimum working size formable by 
photolithography. 

Thus, the overall capacitor lower electrode is 
embedded in the insulating film. Therefore , formation of a 

15 step resulting from the capacitor lower electrode can be 
prevented on the upper surface of the insulating film 
formed in the memory cell region and the peripheral 
circuit region. In case of forming an interlayer isolation 
film on the capacitor lower electrode part and the 

20 insulating film, therefore, formation of a step on an 
upper surface of the interlayer isolation film can be 
prevented between the memory cell region and the 
peripheral circuit region. In case of forming a wiring 
layer on the interlayer isolation film by photolithography, 

25 the pattern of this wiring layer can consequently be 
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prevented from being blurred by such a step on the upper 
surface of the interlayer isolation- film. Thus, the wiring 
layer can be prevented from disconnection or shorting 
resulting from a blurred pattern. Consequently, the 
5 semiconductor device can be implemented with higher 

density of integration while ensuring the capacitance of 
the capacitor and attaining high reliability. 

The width of the part of the insulating film provided 
between the first and second capacitor lower electrodes is 

10 smaller than the minimum working size formable by 

photolithography, whereby the distance between the first 
and second capacitor lower electrodes can be reduced as 
compared with the prior art. Consequently, the 
semiconductor device can be implemented with higher 

15 density of integration. 

In the structure of the semiconductor device 
according to the second aspect of the present invention, a 
side surface of the capacitor lower electrode may have a 
curved plane. 

20 Thus, the surface area of the side surface of the 

capacitor lower electrode can be increased as compared 
with a flat side surface of a conventional capacitor lower 
electrode. Therefore, the occupied area of the capacitor 
can be reduced while ensuring a constant capacitor 

25 capacitance. Consequently, the semiconductor device can be 
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further refined. 

In the structure of the semiconductor device 
according to the second aspect of the present invention, 
the insulating film may include upper and lower insulating 
films which are different in etching rate from each other. 

In case of carrying out a step of reducing the width 
of the part of the insulating film to be smaller than the 
minimum working size formable by photolithography through 
etching in a fabrication step described later, therefore, 
only a part of a side surface of the lower insulating film 
forming the part of the insulating film can be removed by 
etching through an etching condition for selectively 
removing the lower insulating film. Thus, the width of the 
part of the insulating film can be reduced while leaving 
the upper insulating film substantially unetched. In the 
etching step of reducing the width of the part of the 
insulating film, therefore, an upper surface of the upper 
insulating film can be prevented from being removed by 
etching. Consequently, the vertical position of a side 
surface of the capacitor lower electrode formed in a later 
step can be prevented from being lowered. As a result, the 
surface area of the capacitor lower electrode can be 
prevented from being reduced, thereby preventing reduction 
of the capacitance of the capacitor. 

In the structure according to the first or second 
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aspect of the present invention, the semiconductor device 
may comprise the dielectric film which is formed between 
at least either the side surface or only a part of the 
bottom surface of the capacitor lower electrode part and 
the insulating film. Thus, the side surface or the part of 
the bottom surface of the capacitor lower electrode part 
can be utilized as a capacitor. Therefore, the capacitance 
of the capacitor can be increased without changing the 
shape of the capacitor lower electrode. 

In a step of fabricating the semiconductor device, a 
clearance is defined in a region for forming the 
dielectric film, in order to form the dielectric film 
between at least either the side surface or the part of 
the bottom surface of the capacitor lower electrode part 
15 and the insulating film. In the step of defining the 
clearance, another part of the bottom surface of the 
capacitor lower electrode part can be kept in contact with 
another layer such as the insulating film. In case of 
cleaning the semiconductor substrate provided with the 
20 semiconductor device while defining the clearance, 

therefore, the insulating film or the like which is in 
contact with the other part of the bottom surface of the 
capacitor lower electrode part serves as a reinforcing 
member against a physical impact or the like. Thus, the 
capacitor lower electrode can be prevented from partial 
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breaking caused by an impact such as vibration in the 
cleaning step. Consequently, the semiconductor device can 
be prevented from a malfunction resulting from a defect 
such as partial breaking of the capacitor lower electrode, 
and a highly reliably semiconductor device can be obtained 

In the structure according to the first or second 
aspect of the present invention, the semiconductor device 
may comprise granular crystals at least on a part of the 
surface of the capacitor lower electrode or the side wall 
electrode part. Thus, the surface area of the capacitor 
lower electrode can be increased without increasing its 
occupied area. Therefore, the capacitance of the capacitor 
can be increased. Thus, the occupied area of the capacitor 
lower electrode can be reduced as compared with the prior 
art while ensuring the capacitance of the capacitor. 
Consequently, the semiconductor device can be further 
refined. 

In a method of fabricating a semiconductor device 
including a memory cell region and a peripheral circuit 
region according to a third aspect of the present 
invention, an insulating film having an upper surface is 
first formed on a major surface of a semiconductor 
substrate to extend from the memory cell region to the 
peripheral circuit region. Then, the insulating film is 
partially removed by etching in the memory region, thereby 
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foxing an opening. Tnen , . cap a citor lQ „ er electrode ^ 
forced in the opening on the major. surface of the 

semiconductor substrate Th=„ , 

ate. hen ' a "pastor upper electrode 

is formed on the capacitor lower electrode through a 

dielectric film, to extend onto ^ upper ^ ^ ■ 

insulating film. Tne st6p o£ £orming ^ ^ 
electrode includes a step of forming a capacitor lower 
electrode part upwardly extending in opposition to the 
capacitor upper electrode and having a top surface and a 
bottom surface. The step of forming the insulating film 
includes a step of locating the upper surface of the 
insulating film between the top surface and the bottom 
surface of the capacitor lower electrode. 

Thus, the capacitor lower electrode can be partially 
embedded in the insulating film. Thu s, the difference 
between the vertical positions of the upper surface of the 
insulating film extending from the memory cell region to 
the peripheral circuit region and the top surface of the 
capacitor lower electrode part in the memory cell region 
can be reduced as compared with the prior art. In case of 
forming an interlayer isolation film on the capacitor 
lower electrode part and the insulating film, therefore, a 
step on an upper surface of the interlayer isolation film 
can be reduced between the memory cell region and the 
peripheral circuit region. I„ case of forming a wiring 
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layer on the interlayer isolation- fil m by photolithography, 
the pattern of this wiring layer can consequently be 
prevented from being blurred by such a step on the upper 
surface of the interlayer isolation fil m . Thus , the wiring 
layer can be prevented from disconnection or shorting 
resulting from a blurred pattern. Consequently, the 
semiconductor device can be implemented with higher 
density of integration while ensuring the capacitance of 
the capacitor and attaining high reliability. 

The capacitor lower electrode can be partially 
embedded in the insulating film, whereby the capacitor 
upper electrode can be formed on an outer side 'surface of 
the capacitor lower electrode part located between the top 
surface of the capacitor lower electrode part and the 
upper surface of the insulating film through the 
dielectric film. Thus, the outer side surface of the 
capacitor lower electrode part can be utilized as a 
capacitor, thereby increasing the capacitance of the 
capacitor. 

Further, the area of the outer side surface of the 
capacitor lower electrode part utilized as a capacitor can 
be changed by changing the position of the upper surface • 
of the insulating film. Thus, the capacitance of the 
capacitor can be controlled without changing the shape of 
the capacitor lower electrode. 
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In the method of fabricating a semiconductor device 
according to the third aspect of the present invention, 
the step of forming the insulating film may include steps 
of forming a lower insulating film and forming an upper 
5 insulating film which is different in etching rate from 
the lower insulating film on the lower insulating film. 
The step of locating the upper surface of the insulating 
film between the top surface and the bottom surface of the 
capacitor lower electrode part may include a step of 

10 removing the upper insulating film. 

Thus, the position of the upper surface of the 
insulating film can be arbitrarily changed by changing the 
thickness of the upper insulating film. Therefore, the 
area of the outer side surface of the capacitor lower 

15 electrode part utilized as a capacitor can be changed. 
Consequently, the capacitance of the capacitor can be 
changed without changing the shape of the capacitor lower 
electrode . 

In the method of fabricating a semiconductor device 
20 according to the third aspect of the present invention, 
the step of locating the upper surface of the insulating 
film between the top surface and the bottom surface of the 
capacitor lower electrode part may include a step of 
partially removing the insulating film by etching. 
25 Thus, the position of the upper surface of the 
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insulating film can be arbitrarily changed by changing the 
thickness of the part of the insulating film removed by 
etching in the step of partially removing the insulating 
film by etching. Therefore, the area of the outer side 
surface of the capacitor lower electrode part utilized as 
a capacitor can be changed. Consequently, the capacitance 
of the capacitor can be changed without changing the shape 
of the capacitor lower electrode. 

In the method of fabricating a semiconductor device 
according to the third aspect of the present invention, a 
conductive region may be formed on the major surface of 
the semiconductor substrate in a region located under the 
capacitor lower electrode. Then, an interlayer isolation 
film may be formed on the conductive region, and a wiring 
layer may be formed on the interlayer isolation film. A 
wire protection film may be formed on the wiring layer, 
and a contact hole may be formed by removing at least a 
part of the interlayer isolation film by etching, in order 
to electrically connect the conductive region with the 
capacitor lower electrode. The wire protection film may be 
employed as a part of a mask employed for etching in the 
step of forming the contact hole. 

Thus, a step of forming a resist pattern 
independently employed as a mask for forming the contact 
hole can be omitted. Thus, the number of fabrication steps 
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for the semiconductor device can be reduced. 

The foregoing and other objects, features, aspects of 
the present invention and advantages of the present 
invention will become more apparent from the following 
5 detailed description of the present invention when taken 
in conjunction with the accompanying drawings, 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a typical plan view showing a memory cell 
region of a DRAM according to an embodiment 1 of the 
10 present invention; 

Fig. 2 is a sectional view showing the memory cell 
region and a peripheral circuit region of the DRAM 
according to the embodiment 1 of the present invention; 
Figs. 3 to 13 are sectional views for illustrating 
15 first to eleventh steps of a method of fabricating the 
DRAM according to the embodiment 1 of the present 
invention shown in Fig. 2; 

Figs. 14 and 15 are sectional views for illustrating 
first and second steps of a modification of the method of 
20 fabricating the DRAM according to the embodiment 1 of the 
present invention shown in Fig. 2; 

Fig* 16 is - a sectional view for illustrating a first 
modification of the DRAM according to the embodiment 1 of 
the present invention; 
25 Fig. 17 is a sectional view for illustrating a second 
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modification of the DRAM according" to the embodiment 1 of 
the present invention; 

Figs. 18 to 20 are sectional views for illustrating 
first to third steps of a method of fabricating the second 
5 modification of the DRAM according to the embodiment 1 of 
the present invention shown in Fig. 17; 

Fig. 21 is a sectional view for illustrating a third 
modification of the DRAM according to the embodiment 1 of 
the present invention; 
10 Figs. 22 to 24 are sectional views for illustrating 

first to third steps of a method of fabricating the third 
modification of the DRAM according to the embodiment 1 of 
the present invention shown in Fig. 21; 

Fig. 25 is a sectional view for illustrating a fourth 
15 modification of the DRAM according to the embodiment 1 of 
the present invention; 

Fig. 26 is a sectional view for illustrating a first 
step of a method of fabricating the fourth modification of 
the DRAM according to the embodiment 1 shown in Fig. 25; 
20 Fig. 27 is a sectional view for illustrating a DRAM 

according to an embodiment 2 of the present invention; 

Figs. 28 and 29 are sectional views for illustrating 
first and second steps of a method of fabricating the DRAM 
according to the embodiment 2 of the present invention 
25 shown in Fig. 27; 

- 29 - 




Fig. 30 is a sectional view for illustrating a first 
modification of the DRAM according to the embodiment 2 of 
the present invention; 

Figs, 31 and 32 are sectional views for illustrating 
5 first and second steps of a method of fabricating the 

first modification of the DRAM according to the embodiment 
2 of the present invention shown in Fig. 30; 

Fig. 33 is a sectional view for illustrating a second 
modification of the DRAM according to the embodiment 2 of 
10 the present invention; 

Fig. 34 is a sectional view for illustrating a first 
step of a method of fabricating the second modification of 
the DRAM according to the embodiment 2 of the present 
invention shown in Fig. 33; 
15 Fig. 35 is a sectional view for illustrating a third 

modification of the DRAM according to the embodiment 2 of 
the present invention; 

Fig. 36 is a sectional view for illustrating a first 
step of a method of fabricating the third modification of 
20 the DRAM according to the embodiment 2 of the present 
invention shown in Fig. 35; 

Fig, 37 is a sectional view for illustrating a fourth 
modification of the DRAM according to the embodiment 2 of 
the present invention; 
25 Fig. 38 is a sectional view for illustrating a first 
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step of a method of fabricating the fourth modification of 
the DRAM according to the embodiment 2 of the present 
invention shown in Fig. 37; 

Fig. 39 is a sectional view for illustrating a DRAM 
5 according to an embodiment 3 of the present invention; 

Figs. 40 to 42 are sectional views for illustrating 
first to third steps of a method of fabricating the DRAM 
according to the embodiment 3 of the present invention 
shown in Fig. 39; 
10 Fig. 43 is a sectional view for illustrating a first 

modification of the DRAM according to the embodiment 3 of 
the present invention; 

Figs. 44 to 46 are sectional views for illustrating 
first to third steps of a method of fabricating the first 
15 modification of the DRAM according to the embodiment 3 of 
the present invention shown in Fig. 43; 

Fig. 47 is a sectional view for illustrating a second 
modification of the DRAM according to the embodiment 3 of 
the present invention; 
20 Figs. 48 and 49 are sectional views for illustrating 

first and second steps of a method of fabricating the 
second modification of the DRAM according to the 
embodiment 3 of the present invention shown in Fig. 47; 
Fig. 50 is a sectional view for illustrating the 
25 structure of a DRAM according to an embodiment 4 of the 
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present invention; 

Figs. 51 to 55 are sectional views for illustrating 
first to fifth steps of a method of fabricating the DRAM 
according to the embodiment 4 of the present invention 
5 shown in Fig. 50; 

Fig. 56 is a sectional view for illustrating a first 
modification of the DRAM according to the embodiment 4 of 
the present invention; 

Fig. 57 is a sectional view for illustrating a first 
10 step of a method of fabricating the first modification of 
the DRAM according to the embodiment 4 of the present 
invention shown in Fig. 56; 

Fig. 58 is a sectional view for illustrating a second 
modification of the DRAM according to the embodiment 4 of 
15 the present invention; 

Fig. 59 is a sectional view for illustrating a first 
step of a method of fabricating the second modification of 
the DRAM according to the embodiment 4 of the present 
invention shown in Fig. 58; 
20 Fig. 60 is a sectional view for illustrating a third 

modification of the DRAM according to the embodiment 4 of 
the present invention; 

Figs. 61 to 63 are sectional views for illustrating 
first to third steps of a method of fabricating the third 
25 modification of the DRAM according to the embodiment 4 of 
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the present invention shown in Fig. 60; 

Fig. 64 is a sectional view for illustrating a fourth 
modification of the DRAM according to the embodiment 4 of 
the present invention; 
5 Fig. 65 is a sectional view for illustrating a first 

step of a method of fabricating the fourth modification of 
the DRAM according to the embodiment 4 of the present 
invention shown in Fig. 64; 

Fig. 66 is a sectional view for illustrating the 
10 structure of a DRAM according to an embodiment 5 of the 
present invention; 

Figs. 67 to 69 are sectional views for illustrating 
first to third steps of a method of fabricating the DRAM 
according to the embodiment 5 of the present invention 
15 shown in Fig. 66; 

Fig. 70 is a sectional view showing a modification of 
the DRAM according to the embodiment 5 of the present 
invention; 

Fig. 71 is a sectional view for illustrating a first 
20 step of a method of fabricating the modification of the 
DRAM according to the embodiment 5 of the present 
invention shown in Fig. 70; 

Fig. 72 is a sectional view for illustrating the 
structure of a DRAM according to an embodiment 6 of the 
25 present invention; 
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Figs. 73 to 77 are sectional views for illustrating 
first to fifth steps of a method of fabricating the DRAM 
according to the embodiment 6 of the present invention 
shown in Fig. 72; 
5 Fig. 7 8 is a sectional view showing a first 

modification of the DRAM according to the embodiment 6 of 
the present invention; 

Fig. 7 9 is a sectional view showing a second 
modification of the DRAM according to the embodiment 6 of 
10 the present invention; 

Fig. 80 is a sectional view for illustrating a first 
step of a method of fabricating the second modification of 
the DRAM according to the embodiment 6 of the present 
invention shown in Fig. 79; 
15 Fig. 81 is a sectional view showing a third 

modification of the DRAM according to the embodiment 6 of 
the present invention; 

Fig. 82 is a sectional view showing a fourth 
modification of the DRAM according to the embodiment 6 of 
20 the present invention; 

Fig. 83 is a sectional view showing a fifth 
modification of the DRAM according to the embodiment 6 of 
the present invention; 

Fig. 84 is a sectional view showing a sixth 
25 modification of the DRAM according to the embodiment 6 of 
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the present invention; 

Fig. 85 is a typical plan view of a memory cell of a 
DRAM according to an embodiment 7 of the present 
invention; 

Fig, 86 is a sectional view of the DRAM according to 
the embodiment 7 of the present invention; 

Fig. 87 is a sectional view showing a modification of 
the DRAM according to the embodiment 7 of the present 
invention; 

Fig. 88 is a sectional view showing a DRAM according 
to an embodiment 8 of the present invention; 

Fig. 89 is a sectional view showing a first 
modification of the DRAM according to the embodiment 8 of 
the present invention; 

Fig. 90 is a sectional view showing a second 
modification of the DRAM according to the embodiment 8 of 
the present invention; 

Fig. 91 is a sectional view showing a third 
modification of the DRAM according to the embodiment 8 of 
the present invention; 

Fig. 92 is a sectional view showing a first 
modification of a wire of the DRAM according to the 
embodiment 8 of the present invention; 

Figs. 93 to 96 are sectional views for illustrating 
first to fourth steps of a method of fabricating the first 
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modification of the wire of the DRAM according to the 
embodiment 8 of the present invention shown in Fig. 92; 

Figs. 97 to 100 are sectional views for illustrating 
first to fourth fabrication steps of a modification of the 
method of fabricating the first modification of the wire 
of the DRAM according to the embodiment 8 of the present 
invention shown in Fig. 92; 

Fig. 101 is a sectional view showing a second 
modification of the wire of the DRAM according to the 
embodiment 8 of the present invention; 

Figs. 102 to 104 are sectional views for illustrating 
first to third steps of a method of fabricating the second 
modification of the wire of the DRAM according to the ' 
embodiment 8 of the present invention shown in Fig. 101; 

Fig. 105 is a sectional view showing a third 
modification of the wire of the DRAM according to the 
embodiment 8 of the present invention; 

Fig. 106 is a sectional view showing a fourth 
modification of the wire of the DRAM according to the 
embodiment 8 of the present invention; 

Fig. 107 is a sectional view showing a fifth 
modification of the wire of the DRAM according to the 
embodiment 8 of the present invention; 

Figs. 108 to 112 are sectional views for illustrating 
first to fifth steps of a method of fabricating the fifth 



- 36 - 



10 



15 



20 



5 



^ification „ f the „ ire o£ the DRflM ^ ^ 

0dlment 8 ° f thS '™ i-ntion shown in Fi g. 10 , 
^g. 113 is . sectional view showing a sixth 
-if ictio. of the „ lre of the dram accordins ^ 

embodiment 8 of the present invention; 

«»• 114 is a typical plan view showing a memory ceU 
region of a conventional DRAM; 

fig- 115 is a sectional view of n. 
ORAM; conventional 

fig. 116 is a sectional view of 
DRAM; ^ CO " re " tta 'l 

««• I" is a sectional view showing a contact hole 
P«si„g through a capacitor upper electrode in . 
Peripheral circuit region of the conventional DRAM* 

H8 is a sectional view of a conventional wire- 
H9 and 120 are sectional views for 
illustrating tirs t and second steps of fabricating the 
conventional wire shown in Fig. u8 . 

"I is a sectional view showing another 
conventional wire; and 

figs. U2 to „« are sectional views for illustrating 
to third steps of a method of fabricating the 
conventional wire shown in Fig. 121 . 
DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Embodiments of the present invention are now 
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described with reference to the drawings, 
( Embodiment 1 ) 

Referring to Fig. 1, a memory cell region of a DRAM 
according to an embodiment 1 of the present invention 
includes an active region 39 formed on a major surface of 
a semiconductor substrate, word lines 43a, 43b, 43e and 
43f formed on the major surface of the semiconductor 
substrate for serving also as gate electrodes of field- 
effect transistors, a bit line 174, and a capacitor 
including capacitor lower electrodes 170a and 170b. The 
bit line 174 is electrically connected with the active 
region 39 through a contact hole 49. Fig. 2 is' a sectional 
view of this memory cell region taken along the line 500- 
500 in Fig. 1. 

With reference to Fig. 2, the structure of the DRAM 
according to the embodiment 1 of the present invention is 
now described. 

Referring to Fig. 2, source/drain regions 201a to 
201c of the field-effect transistors are formed on the 
active region 39 enclosed with a trench isolation oxide 
film 40 in the memory cell region of the DRAM according to 
the embodiment 1 of the present invention. A gate 
electrode 43a is formed on a channel region held between 
the pair of source/drain regions 201a and 201b through a 
gate insulating film 42a. The gate insulating film 42a is 
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formed by a thermal oxide film, a silicon nitride film or 
an oxi-nitride film. The gate electrode 4 3a may be formed 
by a film of refractory metal such as tungsten or titanium, 
or a film of polysilicon or amorphous silicon doped with 
phosphorus or arsenic, or a silicide film thereof, or may 
be in a multilayer structure obtained by overlapping these 
materials with each other, A silicon nitride film 44a is 
formed on the gate electrode 43a. Side walls 46a and 46b 
consisting of silicon nitride films are formed on side 
surfaces of the gate electrode 43a and the silicon nitride 
film 44a. A non-doped silicon oxide film 47 is formed on 
the side wall 46a and the silicon nitride film 44a. 

A gate electrode 43b is formed on the trench 
isolation oxide film 40 through a gate insulating film 42b. 
A silicon nitride film 44b is formed on the gate electrode 
43b. Side walls 46c and 46d consisting of silicon nitride 
films are formed on side surfaces of the gate electrode 
43b and the silicon nitride film 44b. The non-doped 
silicon oxide film 47 is formed on the side wall 46d and 
the silicon nitride film 44b. A first interlayer isolation 
film 48 is formed on the non-doped silicon oxide film 47. 
The first interlayer isolation film 48 and the non-doped 
silicon oxide film 47 are partially removed by etching, 
thereby forming a contact hole 49. A doped polysilicon 
film 52 is formed in the contact hole 49 and on the first 
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interlayer isolation film 48. A refractory metal silicide 
film 53 is formed on the doped polysilicon film 52. The 
doped polysilicon film 52 and the refractory metal 
silicide film 53 form the bit line 174. A silicon nitride 
film 54 is formed on the refractory metal silicide film 53. 
Side walls 55a and 55b consisting of silicon nitride films 
are formed on side surfaces of the silicon nitride film 54, 
the refractory metal silicide film 53 and the doped 
polysilicon film 52. A second interlayer isolation film 37 
is formed on the first interlayer isolation film 48, the 
side walls 55a and 55b and the silicon nitride film 54. 

The first and second interlayer isolation films 48 
and 37 and the non-doped silicon oxide film 47 are 
partially removed, thereby forming a contact hole 38a for 
15 electrically connecting the capacitor lower electrode 170a 
with one of the source/drain regions 201a and 201b. A plug 
57 consisting of doped polysilicon is formed in the 
contact hole 3.8a. A silicon nitride film 58 is formed on 
the second interlayer isolation film 37. The capacitor 
lower electrode 170a is formed on the plug 57 and the 
second interlayer isolation film 37. This capacitor lower 
electrode 170a has a cylindrical structure, in order to 
ensure the capacitance of the capacitor with a small 
occupied area. A third interlayer isolation film 59 is 
25 formed on the silicon nitride film 58 and side surfaces of 
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the capacitor lower electrode 170a. An upper surface of 
the third interlayer isolation film 59 is formed to be 
located between a top surface 301 and a bottom surface 302 
of a capacitor lower electrode part which is a side 
surface portion of the cylindrical capacitor lower 
electrode 170a. A dielectric film 150 is formed on the 
capacitor lower electrode 170a and the third interlayer 
isolation film 59. A capacitor upper electrode 151 is 
formed on the dielectric film 150. A fourth interlayer 
isolation film 205 is formed on the capacitor upper 
electrode 151. 

In the peripheral circuit region of the DRAM 
according to the embodiment 1 of the present invention , a 
field-effect transistor and a wiring layer 202 are formed 
on the major surface of the semiconductor substrate 1. In 
more concrete terms, source/drain regions 201d and 201e 
are formed on the major surface of the semiconductor 
substrate 1. Gate electrodes 43c and 43d are formed on 
channel regions which are adjacent to the source/drain 
regions 201d and 201e through gate insulating films 42c 
and 42d. Silicon nitride films 44c and 44d are formed on 
the gate electrodes 43c and 43d. Side walls 46e to 46g 
consisting of silicon nitride films are formed on side 
surfaces of the gate electrodes 43c and 43d and the 
silicon nitride films 44c and 44d. The non-doped silicon 



oxide film 47 is formed on the major surface of the 
semiconductor substrate 1, the silicon nitride films 44c 
and 44d and the side walls 46e to 46g. The first 
interlayer isolation film 48 is formed on the non-doped 
5 silicon oxide film 47. The first interlayer isolation film 
48, the non-doped silicon oxide film 47 and the silicon 
nitride film 44c are partially removed, thereby forming 
contact holes 50 and 51. The doped polysilicon film 52 is 
formed on the first interlayer isolation film 48 and in 

10 the contact holes 50 and 51. The refractory metal silicide 
film 53 is formed on the doped polysilicon film 52. The 
doped polysilicon film 52 and the refractory metal 
silicide film 53 form the wiring layer 202 in the 
peripheral circuit region. 

15 A silicon nitride film 203 is formed on the 

refractory metal silicide film 53. Side walls 204a and 
204b consisting of silicon nitride films are formed on 
side surfaces of the silicon nitride film 203 and the 
wiring layer 202. The second interlayer isolation film 37 

20 is formed on the first interlayer isolation film 48, the 

silicon nitride film 203 and the side walls 204a and 204b. 
< The silicon nitride film 58 is formed on the second 
interlayer isolation film 37. The third interlayer 
isolation film 59 is formed on the silicon nitride film 58. 

25 The dielectric film 150 of the capacitor extending from 




the memory cell region is formed on the third interlayer 
isolation film 59. The capacitor upper electrode 151 is 
formed on the dielectric film 150. The fourth interlayer 
isolation film 205 is formed on the third interlayer 
5 isolation film 59 and the capacitor upper electrode 151, 
to extend from the memory cell region. 

Thus, the capacitor lower electrode 170a is partially 
embedded in the third interlayer isolation film 59 in the 
DRAM according to the embodiment 1 of the present 

10 invention. Therefore, the difference between the vertical 
positions of the upper surface of the third interlayer 
isolation film 59 and the top surface 301 of the capacitor 
lower electrode 170a can be reduced. In case of forming 
the fourth interlayer isolation film 205, therefore, a 

15 step on an upper surface of the fourth interlayer 

isolation film 205 between the memory cell region and the 
peripheral circuit region can be reduced as compared with 
the prior art. In case of forming a wiring layer 
consisting of aluminum or the like on the fourth 

20 interlayer isolation film 205, therefore, the pattern of 
this wiring layer can be prevented from being blurred by 
such a step on the upper surface of the fourth interlayer 
isolation film 205. Thus, this wiring layer can be 
prevented from disconnection or shorting resulting from an 

25 unclear pattern. Consequently, the semiconductor device 
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can be implemented with higher density of integration 
while ensuring the capacitance of the capacitor and 
attaining high reliability. 

In the DRAM according to the embodiment 1 of the 
5 present invention, further, the capacitor lower electrode 
170a is partially embedded in the third interlayer 
isolation film 59, whereby the dielectric film 150 and the 
capacitor upper electrode 151 can be formed also on outer 
side surfaces of the capacitor lower electrode 170a. 
10 Therefore, the outer side surfaces of the capacitor lower 
electrode 170a can also be utilized as the capacitor, 
whereby the capacitance of the capacitor can be increased. 

Further, the areas of the outer side surfaces of the 
capacitor lower electrode 170a utilized as the capacitor 
15 can be changed by changing the position of the upper 

surface of the third interlayer isolation film 59. Thus, 
the capacitance of the capacitor can be changed without 
changing the shape of the capacitor lower electrode 170a. 

With reference to Figs. 3 to 13, steps of fabricating 
20 the DRAM according to the embodiment 1 of the present 
invention are now described. 

Referring to Fig. 3, the trench isolation oxide film 
40 is formed on the major surface of the semiconductor 
substrate 1 in the memory cell region of the DRAM 
25 according to the embodiment 1 of the present invention. An 
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insulating film (not shown) for defining the gate 
insulating films 42a and 42b is formed on the major 
surface of the semiconductor substrate 1. A polysilicon 
film (not shown) is formed on this insulating film. A 
silicon nitride film (not shown) is formed on this 
polysilicon film. A resist pattern (not shown) is formed 
on this silicon nitride film, and thereafter employed as a 
mask for partially removing the insulating film, the doped 
polysilicon film and the silicon nitride film by 
anisotropic etching. Thereafter the resist pattern is 
removed, thereby forming the gate insulating films 42a and 
42b, the gate electrodes 43a and 43b and the silicon 
nitride films 44a and 44b shown in Fig. 3. An impurity is 
injected into the active region 39 of the semiconductor 
substrate 1 through the silicon nitride films 44a and 44b 
serving as masks, thereby forming the source/drain regions 
201a to 201c of the field-effect transistors. Thereafter 
the overall surface of the semiconductor substrate 1 is 
oxidized in a dry atmosphere at a temperature of not more 
than 900°C, thereby forming an oxide film (not shown) 
having a thickness of about 50 to 100 A on the side 
surfaces of the silicon nitride films 44a and 44b and the 
gate electrodes 43a and 43b and the major surface of the 
semiconductor substrate 1. Thereafter the silicon nitride 
film 45 is formed to cover the overall surface. 
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Also in the peripheral circuit region, the 
source/drain regions 201d and 201e of the field effect 
transistor, the gate insulating films 42c and 42d, the 
gate electrodes 43c and 43d and the silicon nitride films 
5 42c, 4 2d and 45 are formed on the semiconductor substrate 
1 through steps similar to those carried out in the memory 
cell region. 

Then, the silicon nitride film 45 is partially 
removed by anisotropic etching, thereby forming the side 

10 walls 46a to 46g on the side surfaces of the silicon 

nitride films 44a to 44d, the gate electrodes 43a to 43d 
and the gate insulating films 42a to 42d. The non-doped 
silicon oxide film 47 is formed to cover the overall 
surface, as shown in Fig. 4. The first interlayer 

15 isolation film 48 consisting of a phosphorus-doped silicon 
oxide film is formed on the non-doped silicon oxide film 
47. The non-doped silicon oxide film 47 and the first 
interlayer isolation film 48 consisting of the phosphorus- 
doped silicon oxide film are formed by low-pressure or 

20 ordinary-pressure CVD. While the non-doped silicon oxide 
film 47 and the first interlayer isolation film 48 
consisting of the phosphorus -doped silicon oxide film are 
formed in this step, the first interlayer isolation film 
48 may be formed by either material. After formation of 

25 the first interlayer isolation film 48, its surface is 
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flattened by chemical mechanical ™t u- 

anical Polishing (CMP) or a 

reflow method. 

Then, a resist pattern (not shown, is f ormed on the 
first interlayer isolation fil m 48 and thereafter employed 
- a «. k for partially moving the tirst interlayer ' 
-lation fil m 48 and the non-Coped siUcon oxide fi lm 47 
by etching, thereby forcing the contact hoie 4 9 as shown 
» 5. xn this step, t h e contact hole 4 S may be forced 

in a se lf -ali gnment ma nner through the silicon nitride 
Ul. 44a f0OT ed on the gate electrode 43a and the side 
-11 46a serving as parts of the „as K for etching. 

Then, a resist pattern (not shown, is fo^ed on the 
first interlayer isoiation fil m 48 in the peripheral 
Circuit region and thereafter employed as a -as* for 
Partially removing the first interlayer isolation fil m 48 , 
the non-doped silicon oxide fil m 47 and the siiicon 
nitride fil m 4 4c, thereby foxing the contact holes 50 and 

as shown in Fig . 6 . Thereafter ^ ^ 
removed . 

Then, a doped polysilicon fil m (no t shown, is forced 
in the contact holes «, 50 and 51 and on the first 
interlayer isolation fi lm 48 . A re(ractory ^ 
^ (not shown, is forced on the doped polysilicon fii m . 
-licon nitride fil m (n ot shown, is formed on the 

refractory metal silicide film. A resisf . na „ 

resist pattern (not 
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shown) is formed on the silicon nitride film, and employed 
as a mask for partially removing the silicon nitride film, 
the refractory metal silicide film and the doped 
polysilicon film by etching, thereby forming the doped 
5 polysilicon film 52 and the refractory metal silicide film 
53 forming the bit line 174 and the silicon nitride film 
54, as shown in Fig. 7. Further, the doped polysilicon 
film 52 and the refractory metal silicide film 53 forming 
the wiring layer 202 in the peripheral circuit region and 

10 the silicon nitride film 203 are formed in a similar 

manner. Then, a silicon nitride film (not shown) is formed 
to cover the overall surface and thereafter partially 
removed by anisotropic etching, thereby forming the side 
walls 55a, 55b, 204a and 204b. Thus, the structure shown 

15 in Fig. 7 is obtained. 

Then, the second interlayer isolation film 37 (see 
Fig, 8) consisting of the phosphorus -doped silicon oxide 
film is formed on the first interlayer isolation film 48, 
the silicon nitride films 54 and 203 and the side walls 

20 55a, 55b, 204a and 204b. A resist pattern (not shown) is 
formed on the second interlayer isolation film 37 and 
thereafter employed as a mask for partially removing the 
second interlayer isolation film 37, the first interlayer 
isolation film 48 and the non-doped silicon oxide film 47 

25 by etching, thereby forming the contact hole 38a (see Fig. 



8). The contact hole 38a may be formed by reactive ion 
etching (hereinafter referred to as RIE) . Further, the 
side walls 46b and 46c may be employed as parts of the 
mask for forming the contact hole 38a in a self -alignment 
manner. Thereafter the polysilicon film 56 is formed in 
the contact hole 38a and on the second interlayer 
isolation film 37 by CVD. The polysilicon film 56 may be 
replaced with an amorphous silicon film. Thus f the 
structure shown in Fig. 8 is obtained. 

Then, the polysilicon film 56 located on the second 
interlayer isolation film 37 is removed by CMP or dry 
etching. Thus, the structure shown in Fig. 9 i L s obtained. 

Then, the silicon nitride film 58 (see Fig. 10) is 
formed to cover the overall surface. The third interlayer 
isolation film 59 (see Fig. 10) consisting of a silicon 
oxide film is formed on the silicon nitride film 58. A 
boron-doped silicon oxide film 60 (see Fig. 10) is formed 
on the third interlayer isolation film 59. The boron-doped 
silicon oxide film 60 may be replaced with a phosphorus- 
doped silicon oxide film. A resist pattern (not shown) is 
formed on the boron-doped silicon oxide film 60 and 
thereafter employed as a mask for partially removing the 
boron-doped silicon oxide film 60 and the third interlayer 
isolation film 59, thereby forming an opening 61 (see Fig. 
10). A part of the silicon nitride film 58 located on a 



bottom portion of the opening 61 is removed with a 
phosphoric acid solution or by dry etching. Thereafter the 
resist pattern is removed. Thus, the structure shown in 
Fig. 10 is obtained. The opening 61 may be formed by RIE. 
5 Then, a polysilicon film 62 (see Fig. 11) is formed 

to cover the overall surface. This polysilicon film 62 may 
be replaced with an amorphous silicon film. Thus, the 
structure shown in Fig. 11 is obtained. 

A resist 70 (see Fig. 12) is formed on the 

10 polysilicon film 62 located in the opening 61. Thereafter 
the polysilicon film 62 located on the boron-doped silicon 
oxide film 60 is removed by dry etching. Thus/ the 
capacitor lower electrode 170a is isolated as shown in Fig. 
12. The polysilicon film 62 (see Fig. 11) located on the 

15 boron-doped silicon oxide film 60 may be removed by CMP . 
Then, the boron-doped silicon oxide film 60 is 
removed by vapor-phase HF, thereby obtaining the structure 
shown in Fig. 13. While the capacitor lower electrode 170a 
is prepared from polysilicon or amorphous silicon, a film 

20 consisting of a metal such as platinum or ruthenium, a 

refractory metal such as titanium, titanium nitride or a 
film consisting a plurality of layers of these materials 
may be employed in case of employing a high dielectric 
film of BST or PZT as the dielectric film 150 of the 

25 capacitor. 
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Thereafter the dielectric film 150 (see Fig. 2) is 
formed on the capacitor lower electrode 170a and the third 
interlayer isolation film 59. The capacitor upper 
electrode 151 (see Fig. 2) is formed on the dielectric 
5 film 150. The fourth interlayer isolation film 205 (see 

Fig. 2) is formed on the capacitor upper electrode 151 and 
the third interlayer isolation film 59, thereby obtaining 
the structure shown in Fig. 2. 

With reference to Figs. 14 and 15 , a modification of 

10 the method of fabricating the DRAM according to the 

embodiment 1 of the present invention is now described. 

Following a fabrication step identical to "the seventh 
step for the DRAM according to the embodiment 1 of the 
present invention shown in Fig. 9, the silicon nitride 

15 film 58 (see Fig. 14), the third interlayer isolation film 
59 (see Fig. 14) and the boron-doped silicon oxide film 60 
(see Fig. 14) are formed. Then, a polysilicon film 141 
(see Fig. 14) is formed on the boron-doped silicon oxide 
film 60. A resist pattern (not shown) is formed on the 

20 polysilicon film 141 and employed as a mask for partially 
removing the polysilicon film 141 by anisotropic etching. 
Thereafter the resist pattern is removed. The polysilicon 
film 141 is employed as a mask for partially removing the 
boron-doped silicon oxide film 60 and the third interlayer 

25 isolation film 59 f thereby forming the opening 61. The 




silicon nitride film 58 is removed from the bottom portion 
of the opening 61, thereby obtaining the structure shown 
in Fig. 14. A conductive film such as the polysilicon film 
141 is employed as the mask for forming the opening 61 by 
5 etching, whereby a mask pattern can be formed in higher 
accuracy as compared with the case of employing a resist 
or the like for the mask. Thus f the semiconductor device 
can be implemented with higher density of integration. 

Thereafter the polysilicon film 62 is formed in the 

10 opening 61 and on the polysilicon film 141, as shown in 

Fig. 15. Following this step, fabrication steps identical 
to those for the DRAM according to the embodiment 1 of the 
present invention shown in Figs. 11 to 13 are carried out. 
Referring to Fig. 16, a first modification of the 

15 DRAM according to the embodiment 1 of the present 

invention is basically similar in structure to the DRAM 
according to the embodiment 1 shown in Fig. 2. In the 
first modification of the DRAM according to the embodiment 
1 of the present invention, however, granular crystals 74 

20 consisting of silicon are formed on surfaces of a 

capacitor lower electrode 170a. In order to form the 
granular crystals 74, the capacitor lower electrode 170a 
is prepared from amorphous silicon doped with phosphorus 
or arsenic or non-doped amorphous silicon, and nuclei of 

25 silicon are bonded to surfaces of exposed parts of the 
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capacitor lower electrode 170a by utilizing SiH^ gas as a 
part of atmosphere gas in a heating furnace. Thereafter 
PH3 gas is introduced as a part of the atmosphere gas and 
performing annealing at a high temperature, thereby 
5 forming the granular crystals 74. In case of preparing the 
capacitor lower electrode 170a from non-doped amorphous 
silicon, phosphorus or arsenic may be introduced into the 
capacitor lower electrode 170a by ion implantation or a 
vapor phase method after forming the granular crystals 74. 

10 Due to such formation of the granular crystals 74 on the 
surfaces of the capacitor lower electrode 170a f the 
surface area of the capacitor lower electrode 17 0a can be 
increased. Thus, the capacitance of the capacitor can be 
increased. Therefore, the occupied area of the capacitor 

15 lower electrode 170a can be reduced while ensuring a 
constant capacitor capacitance. Consequently, the 
semiconductor device can be further refined. 

In order to fabricate the first modification of the 
DRAM according to the embodiment 1, the granular crystals 

20 74 are formed on the surfaces of the capacitor lower 
electrode 170a by the aforementioned method after a 
fabrication step identical to that for the DRAM according 
to the embodiment 1 shown in Fig. 13. Thereafter a 
dielectric film 150 (see Fig. 16), a capacitor upper 

25 electrode 151 (see Fig. 16) and a fourth interlayer 
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isolation film 205 (see Fig. 16) are formed through 
fabrication steps identical to those for the DRAM 
according to the embodiment 1, thereby obtaining the 
structure shown in Fig. 16. 
5 Referring to Fig. 17, a second modification of the 

DRAM according to the embodiment 1 of the present 
invention is basically similar in structure to the DRA 
according to the embodiment 1 shown in Fig. 2. In the 
second modification, however, granular crystals 74 are 
10 formed on inner side surfaces and a bottom surface of a 
- capacitor lower electrode 170a. Thus, the second 

modification of the DRAM according to the embodiment 1 is 
provided with the granular crystals 74 similarly to the 
first modification shown in Fig. 16, whereby the surface 
15 area of the capacitor lower electrode 170a can be 

increased. Therefore, an effect similar to that of the 
first modification shown in Fig. 16 can be attained. 

With reference to Figs. 18 to 20, a method of 
fabricating the second modification of the DRAM according 
20 to the embodiment 1 of the present invention is now 
described. 

Following a fabrication step identical to that for 
the DRAM according to the embodiment 1 of the present 
invention shown in Fig. 11, the granular crystals 74 are 
25 formed on a polysilicon film 62, as shown in Fig. 18. 
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Thereafter a resist 74 (see Fig. 19) is formed on the 
granular crystals 74 in an opening 61, and thereafter the 
granular crystals 74 and the polysilicon film 62 located 
on a boron-doped silicon oxide film 60 are removed. Thus, 
5 the structure shown in Fig. 19 is obtained. 

Then, the resist 70 is removed, and the boron-doped 
silicon oxide film 60 is removed by vapor-phase HF. Thus, 
the structure shown in Fig. 20 is obtained. 

Thereafter a dielectric film 150 (see Fig. 17), a 

10 capacitor upper electrode 151 (see Fig. 17) and a fourth 
interlayer isolation film 205 (see Fig. 17) are formed 
through fabrication steps similar to those for 'the DRAM 
according to the embodiment 1 of the present invention, 
thereby obtaining the structure shown in Fig. 17. 

15 Referring to Fig. 21, a third modification of the 

DRAM according to the embodiment 1 of the present 
invention is basically similar in structure to the second 
modification shown in Fig. 17. In the third modification, 
however, an upper portion of a third interlayer isolation 

20 film 77 is removed by etching or the like as described 

later, thereby obtaining the structure shown in Fig. 21. 

With reference to Figs. 22 to 24, a method of 
fabricating the third modification of the DRAM according 
to the embodiment 1 of the present invention is described. 

25 First, fabrication steps identical to those for the 



DRAM according to the embodiment 1 of the present 
invention shown in Figs. 3 to 9 are carried out, and then 
a silicon nitride film 58 (see Fig. 22) is formed on a 
second interlayer isolation film 37 (see Fig. 22). 
Thereafter the third interlayer isolation film 77 (see Fig. 
22) is formed on the silicon nitride film 58. A resist 
pattern (not shown) is formed on the third interlayer 
isolation film 77, and thereafter employed as a mask for 
partially removing the third interlayer isolation film 77 
and the silicon nitride film 58, thereby forming an 
opening 61 (see Fig. 22). A polysilicon film 62 (see Fig. 
22) is formed in the opening 61 and on the third 
interlayer isolation film 77. Granular crystals 74 (see 
Fig. 22) are formed on a surface of the polysilicon film 
62. Thus, the structure shown in Fig. 22 is obtained. 

Then, a resist 70 (see Fig. 23) is formed on the 
granular crystals 74 located in the opening 61, and 
thereafter the polysilicon film 62 and the granular 
crystals 7 4 located on the third interlayer isolation film 
77 are removed by dry etching. Thus, the structure shown 
in Fig. 2 3 is obtained. 

Then, the resist 7 0 is removed, and the third 
interlayer isolation film 77 is partially removed by an HF 
aqueous solution. Thus, the structure shown in Fig. 24 is 
obtained. The third interlayer isolation film 77 is thus 



partially removed by the HF aqueous solution, whereby the 
thickness of the removed part of the third interlayer 
isolation film 77 can be controlled by controlling the 
time for bringing the third interlayer isolation film 77 
into contact with the HF aqueous solution. Thus, the areas 
of exposed parts can be changed in outer side surfaces of 
a : capacitor lower electrode 170a. Consequently, it is 
possible to control the capacitance of the capacitor by 
Changing the areas of the outer side surfaces of the 
Capacitor lower electrode 170a utilized as the capacitor. 
: F Thereafter a dielectric film 150 (see Fig. 21) and 
She like are formed similarly to the fabrication steps for 
!#he DRAM according to the embodiment 1, thereby obtaining 
Bhe structure shown in Fig. 21. 

Referring to Fig. 25, a fourth modification of the 
DRAM according to the embodiment 1 of the present 
invention is basically substantially similar in structure 
to the third modification of the DRAM according to the 
embodiment 1 shown in Fig. 21. In the fourth modification, 
however, a third interlayer isolation film 77 (see Fig. 
21) is substantially entirely removed. Granular crystals 
74 are formed on inner side surfaces of a capacitor lower 
electrode 17 0a, thereby lowering the vertical position of 
the capacitor lower electrode 170a with reference to an 
upper surface of a second interlayer isolation film 37. 
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Thus, a step on an upper surface of a fourth interlayer 
isolation film 205 is reduced between a memory cell region 
and a peripheral circuit region. 

With reference to Fig. 26, a method of fabricating 
5 the fourth modification of the DRAM according to the 

embodiment 1 of the present invention is now described. 

In the method of fabricating the fourth modification 
of the DRAM according to the embodiment 1 of the present 
invention, the third interlayer isolation film 77 (see Fig. 
10 23) is substantially entirely removed by etching after a 
fabrication step identical to that for the third 
modification shown in Fig. 23. Thus, the structure shown 
in Fig. 26 is obtained. 

Thereafter a dielectric film 150 (see Fig. 25) and 
15 the like are formed, thereby obtaining the structure shown 
in Fig. 25. 

( Embodiment 2 ) 

Referring to Fig. 27, a DRAM according to an 
embodiment 2 of the present invention is basically similar 

20 in structure to the DRAM according to the embodiment 1 of 
the present invention shown in Fig. 2. In the DRAM 
according to the embodiment 2 of the present invention, 
however, a capacitor lower electrode 92 is in the form of 
a thick film. The capacitor lower electrode 92 is 

25 partially embedded in a third interlayer isolation film 59, 



whereby the difference between the vertical positions of 
upper surfaces of the third interlayer isolation film 59 
and the capacitor lower electrode 92 can be reduced as 
compared with the prior art. Thus, a step in an upper 
5 surface of a fourth interlayer isolation film 205 can be 
reduced between a memory cell region and a peripheral 
circuit region as compared with the prior art. Further, 
the surface area of the capacitor lower electrode 92 
serving as a capacitor can be changed by changing the 

10 position of the upper surface of the third interlayer 
isolation film 59, thereby arbitrarily changing the 
capacitance of the capacitor. 

With reference to Figs. 28 and 29, a method of 
fabricating the DRAM according to the embodiment 2 of the 

15 present invention is described. 

First, fabrication steps identical to those for the 
DRAM according to the embodiment 1 of the present 
invention shown in Figs. 3 to 10 are carried out, and 
thereafter a polysilicon film 91 is formed in an opening 

20 61 and on a boron-doped silicon oxide film 60, as shown in 
Fig. 28. 

Then, the polysilicon film 91 located on the boron- 
doped silicon oxide film 60 is removed by dry etching or 
CMP. Then, the boron-doped silicon oxide film 60 is 
25 removed by vapor-phase HF. Thus, the structure shown in 




Fig. 29 is obtained. 

Thereafter a dielectric film 150 (see Fig. 27), a 
capacitor upper electrode 151 (see Fig. 27) and the fourth 
interlayer isolation film 205 (see Fig. 27) are formed, 
thereby obtaining the structure shown in Fig. 27. The 
peripheral circuit region is formed by steps identical to 
Ehose for the peripheral circuit region of the DRAM 
According to the embodiment 1 of the present invention 
ipiown in Figs. 3 to 13. 

CP Referring to Fig. 30, a first modification of the 
DRAM according to the embodiment 2 of the present 
invention is basically similar in structure to 'the DRAM 
Recording to the embodiment 2 shown in Fig. 27. In the 
first modification, however, side walls 96 and 97 
consisting of polysilicon are formed on upper side 
surfaces of a capacitor lower electrode 92. Surfaces of 
these side walls 96 and 97 have curved parts. Therefore, 
the surface area of the capacitor lower electrode 92 
serving as a capacitor can be increased as compared with 
the case of forming no side walls 96 and 97. Thus, the 
occupied area of the capacitor lower electrode 92 can be 
reduced as compared with the prior art while ensuring the 
capacitance of the capacitor. Consequently, the 
semiconductor device can be further refined. 

With reference to Figs. 31 and 32, a method of 
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fabricating the second modification of the DRAM according 
to the embodiment 2 of the present invention is now 
described. 

Fabrication steps identical to those for the DRAM 
5 according to the embodiment 2 of the present invention 

shown in Figs. 28 and 29 are carried out, and thereafter 
;ln amorphous silicon film 95 is formed on a third 
interlayer isolation film 59 and the capacitor lower 
iplectrode 92, as shown in Fig. 31. 
3 m Then, the amorphous silicon film 95 is partially 

Removed by anisotropic etching, thereby forming the side 
i^alls 96 and 97 as shown in Fig. 32. 

''Z Thereafter a dielectric film 150 (see Fig. 30), a 
iqhpacitor upper electrode 151 (see Fig. 30) and a fourth 

> interlayer isolation film 205 (see Fig. 30) are formed, 
thereby obtaining the structure shown in Fig. 30. 

Referring to Fig. 33, a second modification of the 
DRAM according to the embodiment 2 of the present 
invention is basically similar in structure to the DRAM 
) according to the embodiment shown in Fig. 27. In the 
second modification, however, granular crystals 74 are 
formed on the surface of a capacitor lower electrode 92 
located upward beyond a third interlayer isolation film 59. 
Therefore, the surface area of the capacitor lower 

> electrode 92 can be increased without increasing its 
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occupied area. Thus, the capacitance of the capacitor can 
be increased. 

With reference to Fig. 34, a method of fabricating 
the second modification of the DRAM according to the 
5 embodiment 2 of the present invention is now described. 

First, fabrication steps identical to those for the 
DRAM according to the embodiment 2 of the present 
invention shown in Figs. 28 and 29 are carried out, and 
thereafter the granular crystals 74 are formed on the 

10 surfaces of the capacitor lower electrode 92 as shown in 

Fig. 34. These granular crystals 74 are formed by a method 
similar to that employed in the first or second 
modification of the DRAM according to the embodiment 1 of 
the present invention. 

15 Thereafter a dielectric film 150 (see Fig. 33) and 

the like are formed, thereby obtaining the structure shown 
in Fig. 33. 

Referring to Fig. 35, a third modification of the 
DRAM according to the embodiment 2 of the present 

20 invention is basically similar in structure to the first 
modification of the DRAM according to the embodiment 2 
shown in Fig. 30. In the third modification, however, 
granular crystals 98 consisting of silicon are formed on 
surfaces of side walls 96 and 97 consisting of amorphous 

25 silicon. In the third modification, therefore, the surface 
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area of a capacitor lower electrode 92 can be increased by 
formation of the side walls 96 and 97 as well as by the 
granular crystals 98. Thus, the capacitance of the 
capacitor can be further increased. 
5 With reference to Fig. 36, a method of fabricating 

the third modification of the DRAM according to the 
embodiment 2 of the present invention is now described. 

First, fabrication steps identical to those for the 
first modification of the DRAM according to the embodiment 

10 2 of the present invention shown in Figs. 31 and 32 are 
carried out, and thereafter the granular crystals 98 are 
formed on the surfaces of the side walls 96 and 97 through 
a step identical to that for forming the granular crystals 
74 (see Fig. 33) in the second modification of the DRAM 

15 shown in Fig. 33. 

Thereafter a dielectric film 150 (see Fig. 35) and 
the like are formed, thereby obtaining the structure shown 
in Fig. 35. 

Referring to Fig. 37, a fourth modification of the 
20 DRAM according to the embodiment 2 of the present 

invention is basically similar in structure to the first 
modification of the DRAM according to the embodiment 2 
shown in Fig. 30. In the fourth modification, however, 
granular crystals 98 are formed on surfaces of a capacitor 
25 lower electrode 92 and side walls 96 and 97. Therefore, 
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the surface area of the capacitor lower electrode 92 can 
be increased as compared with the case of forming no side 
walls 96 and 97 and granular crystals 98, thereby further 
increasing the capacitance of the capacitor. Thus, the 
5 occupied area of the capacitor lower electrode 92 can be 
reduced as compared with the prior art while ensuring a 
constant capacitor capacitance. Consequently, the 
semiconductor device can be further refined. 

With reference to Fig. 38, a method of fabricating 

10 the fourth modification of the DRAM according to the 

embodiment 2 of the present invention shown in Fig. 37 is 
now described. 

First, fabrication steps identical to those for the 
first modification of the DRAM according to the embodiment 

15 2 of the present invention shown in Figs. 31 and 32 are 

carried out. At this time, the capacitor lower electrode 
92 is prepared from amorphous silicon. Then, the granular 
crystals 98 are formed on the surfaces of the capacitor 
lower electrode 92 and the side walls 96 and 97 as shown 

20' in Fig. 38, through a step identical to that for the 

second modification of the embodiment 1 of the present 
invention shown in Fig. 18. 

Thereafter a dielectric film 150 (see Fig. 37) and 
the like are formed, thereby obtaining the structure shown 

25 in Fig. 37. 




(Embodiment 3) 

Referring to Fig. 39 showing a section taken along 
the line 600-600 in Fig. 1, a trench isolation oxide film 
40 is formed on a major surface of a semiconductor 
5 substrate 1 to enclose an active region 39 in a memory 

cell region of a DRAM according to an embodiment 3 of the 
present invention. Source/drain regions 201a to 201c are 
formed on the major surface of the semiconductor substrate 
1. Gate electrodes 43a, 43b and 43e are formed on channel 

10 regions adjacent to the source/drain regions 201a to 201c 
through gate insulating films 42a, 42b and 42e. Silicon 
nitride films 44a, 44b and 44e are formed on the gate 
electrodes 43a, 43b and 43e. Side walls 46a to 46d, 46h 
and 46i are formed on side surfaces of the gate insulating 

15 films 42a, 42b and 42e, the gate electrodes 43a, 43b and 

43e and the silicon nitride films 44a, 44b and 44e. A non- 
doped silicon oxide film 47 is formed on the silicon 
nitride films 44a, 44b and 44e, the side walls 46a to 46d, 
46h and 46i and the major surface of the semiconductor 

20 substrate 1. A first interlayer isolation film 48 is 

formed on the non-doped silicon oxide film 47. A second 
interlayer isolation film 37 is formed on the first 
interlayer isolation film 48. The first and second 
interlayer isolation films 48 and 37 and the non-doped 

25 silicon oxide film 47 are partially removed, thereby 
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forming contact holes 38a and 38b. Plugs 57a and 57b 
consisting of polysilicon are formed in the contact holes 
38a and 38b respectively. A silicon nitride film 58 is 
formed on a part of an upper surface of the second 
5 interlayer isolation film 37. Capacitor lower electrodes 
170a and 170b are formed on the plugs 57a and 57b and the 
second interlayer isolation film 37. A third interlayer 
isolation film 77 is formed on sides of the capacitor 
lower electrodes 170a and 170b. Granular crystals 74 are 

10 formed on inner side surfaces of the capacitor lower 
electrodes 170a and 170b. A dielectric film 150 of a 
capacitor is formed on the granular crystals 74 and the 
third interlayer isolation film 77. A capacitor upper 
electrode 151 is formed on the dielectric film 150. A 

15 fourth interlayer isolation film 205 is formed on the 

capacitor upper electrode 151. The width W2 of a part of 
the third interlayer isolation film 77 located between the 
capacitor lower electrodes 170a and 170b is smaller than 
the minimum working size formable by photolithography. 

20 A section of a peripheral circuit region of the DRAM 

according to the embodiment 3 of the present invention is 
basically similar in structure to that of the peripheral 
circuit region of the DRAM according to the embodiment 1 
shown in Fig , 2 . 

25 In the DRAM according to the embodiment 3 of the 
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present invention, as hereinabove described, top surfaces 
of the capacitor lower electrodes 170a and 170b and the 
upper surface of the third interlayer isolation film 77 
are substantially flush with each other as shown in Fig. 
5 39, whereby the fourth interlayer isolation film 205 can 

be prevented from formation of a step on its upper surface 
between the memory cell region and the peripheral circuit 
region. In case of forming a wiring layer on the fourth 
interlayer isolation film 205 by photolithography, 

10 therefore, the pattern of the wiring layer can be 

prevented from being blurred by such a step. Thus, the 
wiring layer can be prevented from disconnection or 
shorting resulting from a blurred pattern. Consequently, 
the semiconductor device can be implemented with higher 

15 density of integration while ensuring the capacitance of 

the capacitor and attaining high reliability. Further, the 
width W2 of the third interlayer isolation film 7 7 is 
smaller than the minimum working size formable by 
photolithography, whereby the interval between the 

20 capacitor lower electrodes 107a and 107b can be reduced as 
compared with the prior art. Consequently, the 
semiconductor device can be implemented with higher 
density of integration. Also in each of the embodiments 1 
and 2, a similar effect can be attained by reducing the 

25 width of the interlayer isolation film between the 
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capacitor lower electrodes as compared with the minimum 
working size formable by photolithography, similarly to 
the embodiment 3 . 

With reference to Figs. 40 to 42, a method of 
5 fabricating the DRAM according to the embodiment 3 of the 
present invention is now described. 

First, a trench isolation oxide film 40 (see Fig. 40) 
Jj is formed on the major surface of the semiconductor 

if. substrate 1 (see Fig. 40) in the memory cell region of the 

10 DRAM according to the embodiment 3 of the present 

invention. A silicon oxide film (not shown) for defining 
U the gate insulating films 42a, 42b and 42e is formed on 

:™ the major surface of the semiconductor substrate 1. A 

;2 polysilicon film (not shown) for defining the gate 

^15 electrodes 43a, 43b and 43e is formed on the silicon oxide 
film. A silicon nitride film (not shown) is formed on the 
polysilicon film. A resist pattern is formed on the 
silicon nitride film and employed as a mask for etching 
the silicon nitride film, the polysilicon film and the 
20 silicon oxide film, thereby forming the gate insulating 
films 42a, 42b and 42e, the gate electrodes 43a, 43b and 
43e and the silicon nitride films 44a, 44b and 44e (see 
Fig. 40) . A silicon nitride film (not shown) is formed to 
cover the overall surface, and thereafter anisotropically 
25 etched for forming the side walls 46a to 46d, 46h and 46i 
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(see Fig. 40). Then, a non-doped silicon oxide film 47 
(see Fig. 40) is formed to cover the overall surface. The 
first interlayer isolation film 48 (see Fig. 40) 
consisting of a phosphorus-doped silicon oxide film is 
5 formed on the non-doped silicon oxide film 47. The second 
interlayer isolation film 37 (see Fig. 40) is formed on 
the first interlayer isolation film 48. A resist pattern 
is formed on the second interlayer isolation film 37 and 
thereafter employed as a mask for partially removing the 

10 first and second interlayer isolation films 48 and 37 and 
the non-doped silicon oxide film 47 , thereby forming the 
contact holes 38a and 38b (see Fig, 40). The plugs 57a and 
57b consisting of polysilicon are formed in the contact 
holes 38a and 38b. The silicon nitride film 58 (see Fig. 

15 40) is formed on the second interlayer isolation film 37 

and the plugs 57a and 57b. The third interlayer isolation 
film 77 consisting of a silicon oxide film is formed on 
the silicon nitride film 58. A resist pattern is formed on 
the third interlayer isolation film 77 and thereafter 

20 employed as a mask for partially removing the third 

interlayer isolation film 77 and the silicon nitride film 
58, thereby forming openings 61a and 61b. Thus, the 
structure shown in Fig. 40 is obtained. It is assumed that 
symbol LI denotes the width of the opening 61a, and symbol 

25 Wl denotes the width of the part of the third interlayer 
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isolation film 7 7 located between the openings 61a and 61b. 

Then, a surface of the third interlayer isolation 
film 77 is partially removed by wet etching with an 
aqueous solution of alkali or acid. Thus, the width of the 
5 opening 61a increases from LI to L2 (see Fig. 41) , while 
the width of the part of the third interlayer isolation 
film 77 located between the openings 61a and 61b reduces 
from Wl to W2 (see Fig. 41). Thus, the structure shown in 
Fig. 41 is obtained. 

10 Then, an amorphous silicon film (not shown) is formed 

on the third interlayer isolation film 77 and in the 
openings 61a and 61b through fabrication steps "identical 
to those for the third modification of the DRAM according 
to the embodiment 1 of the present invention shown in Figs. 

15 22 and 23. Then, granular crystals 74 (see Fig. 42) are 
formed on the amorphous silicon film. The amorphous 
silicon film and the granular crystals 74 located on the 
upper surface of the third interlayer isolation film 77 
are removed by dry etching or the like, thereby obtaining 

20 the structure shown in Fig. 42. 

Thereafter a dielectric film 150 (see Fig. 39) and 
the like are formed on the granular crystals 74 and the 
third interlayer isolation film 77, thereby obtaining the 
structure shown in Fig. 39. The peripheral circuit region 

25 is formed through fabrication steps identical to those for 
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the peripheral circuit region of the DRAM according to the 
embodiment 1 of the present invention shown in Figs . 3 to 
13, 

Referring to Fig. 43, a first modification of the 
5 DRAM according to the embodiment 3 of the present 

invention is basically similar in structure to the DRAM 
according to the embodiment 3 shown in Fig. 39. In the 
first modification of the DRAM according to the embodiment 
3 of the present invention shown in Fig. 43, however, a 

10 non-doped silicon oxide film 85 and a boron-doped silicon 

oxide film 86 form a third interlayer isolation film. Thus, 
the third interlayer isolation film has a two-layer 
structure, whereby the widths of openings 61a and 61b can 
be increased by etching only the boron-doped silicon oxide 

15 film 86 by vapor-phase HF without etching the upper non- 
doped silicon oxide film 85 in a fabrication step 
described later. Thus, the upper surface of the third 
interlayer isolation film can be prevented from being 
removed by etching in the step of increasing the widths of 

20 the openings 61a and 61b and reducing the width of a part 
of the third interlayer isolation film located 
therebetween. Thus, the vertical positions of side 
surfaces of capacitor lower electrodes 170a and 170b 
thereafter formed can be prevented from lowering. 

25 Consequently, the surface areas of the capacitor lower 
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electrodes 170a and 170b can be prevented from being 
reduced, thereby preventing reduction of the capacitance 
of the capacitor. 

With reference to Figs. 44 to 46, a method of 
fabricating the first modification of the DRAM according 
to the embodiment 3 of the present invention is now 
described. 

First, the structure shown in Fig. 44 is obtained by 
a fabrication step basically similar to that for the DRAM 
according to the embodiment 3 shown in Fig. 40. While the 
third interlayer isolation film 77 has a one-layer 
structure in the step shown in Fig. 40, the boron-doped 
silicon oxide film 86 is formed on a silicon nitride film 
58 and thereafter the non-doped silicon oxide film 85 is 
formed on the boron-doped silicon oxide film 86 to form 
the interlayer isolation film in the step shown in Fig. 44, 
It is assumed that symbol LI denotes the width of the 
opening 61a and symbol Wl denotes the width of the part of 
the third interlayer isolation film located between the 
openings 61a and 61b. 

Then, only side surfaces of the boron-doped silicon 
oxide film 86 are removed by etching through vapor-phase 
HF, as shown in Fig. 45. Thus, the width of the opening 
61a increases from Ll to L2, so that the width of the part 
of the third interlayer isolation film located between the 




openings 6 la and 61b can be reduced to W2 from the initial 
width Wl. 

Then, the capacitor lower electrodes 170a and 170b 
and the granular crystals 74 are formed in the openings 
5 61a and 61b as shown in Fig- 46, through a step identical 
to that for forming the capacitor lower electrodes 170a 
and 170b (see Fig. 42) and the granular crystals 74 (see 
Fig. 42) for the DRAM according to the embodiment 3 of the 
present invention shown in Fig. 42. 
10 Thereafter a dielectric film 150 (see Fig. 43) and 

the like are formed, thereby obtaining the structure shown 
in Fig. 43. 

Referring to Fig. 47, a second modification of the 
DRAM according to the embodiment 3 of the present 

15 invention is basically similar in structure to the DRAM 
according to the embodiment 3 shown in Fig. 39. In the 
second modification of the DRAM according to the 
embodiment 3 of the present invention shown in Fig. 47, 
however, side surfaces of capacitor lower electrodes 170a 

20 and 170b have curved planes. Therefore, the surface areas 
of the side surfaces of the capacitor lower electrodes 
170a and 170b can be increased as compared with the 
capacitor lower electrodes 170a and 170b having flat side 
surfaces shown in Fig. 39. Thus, the occupied area of the 

25 capacitor can be reduced as compared with the prior art 
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while ensuring a constant capacitor capacitance , whereby 
the semiconductor device can be further refined. 

With reference to Figs. 48 and 49, a method of 
fabricating the second modification of the DRAM according 
5 to the embodiment 3 of the present invention is now 
described. 

First, a fabrication step identical to the first step 
of fabricating the DRAM according to the embodiment 3 
shown in Fig. 40 is carried out. However, a third 

10 interlayer isolation film 77 (see Fig. 48) is dry-etched 
under a high-pressure atmosphere. Thus, the side surfaces 
of the third interlayer isolation film 77 located in the 
openings 61a and 61b can be formed to have curved planes. 
In this etching step, the volume of etching gas mixed into 

15 the atmosphere gas for forming films for protecting the 
side surfaces of the third interlayer isolation film 77 
may be reduced. The etching gas employed in this etching 
step may be prepared from CHF3/CF4 gas. In this case, it 
is effective to increase the flow rate of CF4 for forming 

20 the curved planes, and it is also effective to mix gas of 
O2 or the like. 

Then, the capacitor lower electrodes 170a and 170b 
and granular crystals 74 are formed in the openings 61a 
and 61b as shown in Fig. 49, similarly to the fabrication 

25 step for the DRAM according to the embodiment 3 of the 
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present invention shown in Fig. 42. 

Thereafter a dielectric film 150 (see Fig. 47) and 
the like are formed , thereby obtaining the structure shown 
in Fig. 47. The formation of the curved planes on the side 
5 surfaces of the capacitor lower electrodes 170a and 170b 
can be applied to the capacitor lower electrode 170a of 
the DRAM according to the embodiment 1 shown in Figs. 1 to 
26 as well as to the cylindrical capacitor lower electrode 
92 of the DRAM according to the embodiment 2, to attain 
10 similar effects. 

(Embodiment 4) 

Fig. 50 shows a section of a memory cell region taken 
along the line 500-500 in the typical plan view of the 
memory cell region of the DRAM shown in Fig. 1. A DRAM 

15 according to an embodiment 4 of the present invention 

shown in Fig. 50 is basically similar in structure to the 
DRAM according to the embodiment 1 shown in Fig. 2. In the 
DRAM according to the embodiment 4, however, clearances 
are defined between a capacitor lower electrode 170a and a 

20 third interlayer isolation film 77 in a fabrication step 
described later, so that a dielectric film 150 and a 
capacitor upper electrode 151 are formed in these 
clearances. Further, an upper surface of the third 
interlayer isolation film 77 is formed to be substantially 

25 flush with a top surface of the capacitor lower electrode 




170a. Thus, the clearances are defined between the 
capacitor lower electrode 170a and the third interlayer 
isolation film 77 in the fabrication step described later 
in the DRAM according to the embodiment 4 of the present 
5 invention, whereby side surfaces of the capacitor lower 
electrode 170a can be utilized as a capacitor. Thus, the 
capacitance of the capacitor can be increased without 
changing the shape of the capacitor lower electrode 170a. 
Further, the third interlayer isolation film 77 is 

10 formed to extend from the memory cell region to a 

peripheral circuit region. In case of forming a fourth 
interlayer isolation film on the capacitor upper electrode 
151 in the memory cell region and the peripheral circuit 
region, therefore, no step is formed on an upper surface 

15 of the fourth interlayer isolation film between the memory 
cell region and the peripheral circuit region. In addition, 
the clearances are defined only on the side surfaces of 
the capacitor lower electrode 170a in the fabrication step 
described later, whereby a bottom surface of the capacitor 

20 lower electrode 170a is regularly in contact with the 
s;econd interlayer isolation film 37 regardless of the 
clearances. In a step of cleaning a semiconductor 
substrate provided with the clearances, therefore, the 
bottom surface of the capacitor lower electrode 170a is in 

25 contact with the second interlayer isolation film 37, 
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which serves as a reinforcing member against a physical 
impact. Thus, the capacitor lower electrode 170a is 
prevented from breaking by a physical impact in the 
aforementioned cleaning step or the like. 
5 The structure shown in the embodiment 4 can be 

applied to the embodiments 1 to 3, to attain similar 
effects . 

With reference to Figs. 51 to 55, a method of 
fabricating the DRAM according to the embodiment 4 of the 

10 present invention is now described. 

First, fabrication steps identical to those for the 
DRAM according to the embodiment 1 of the present 
invention shown in Figs. 3 to 9 are carried out, and a 
silicon nitride film 58 (see Fig. 51) and the third 

15 interlayer isolation film 77 (see Fig. 51) are formed on a 
second interlayer isolation film 37 (see Fig. 51). A 
resist pattern (not shown) is formed on the third 
interlayer isolation film 77, and thereafter employed as a 
mask for partially removing the third interlayer isolation 

20 film 77 by anisotropic etching, thereby forming an opening 
61 (see Fig. 51). The silicon nitride film 58 is removed 
from a bottom portion of the opening 61 by etching. 
Alternatively, the width of the opening 61 may be 
increased by etching, similarly to the fabrication step 

25 for the DRAM according to the embodiment 3 of the present 
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invention shown in Fig. 39. In this case, an effect 
similar to that of the embodiment 3 can be attained. 
Thereafter a silicon nitride film 99 (see Fig. 51) is 
formed on the third interlayer isolation film 77 and in 
5 the opening 61. Thus, the structure shown in Fig. 51 is 
obtained. Alternatively, the silicon nitride film 99 may 
be formed on the third interlayer isolation film 77 and in 
the opening 61 without removing the silicon nitride film 
58 from the bottom portion of the opening 61. 

10 Then, the silicon nitride film 99 is partially 

removed by anisotropic etching for forming side walls 100 
consisting of silicon nitride films in the opening 61, 
thereby obtaining the structure shown in Fig. 52. 
Then, a conductor film 101 of polysilicon or 

15 amorphous silicon is formed on the third interlayer 

isolation film 7 7 and in the opening 61, as shown in Fig. 
53. 

Then, a part of the conductor film 101 located on the 
third interlayer isolation film 77 is removed by etching 
20 or the like, similarly to the embodiment 1. Thus, the 

structure shown in Fig. 54 is obtained. Through this step, 
the capacitor lower electrode 170a is isolated every bit. 

Then, the side walls 100 consisting of silicon 
nitride films are selectively removed by etching, thereby 
25 defining the clearances between the capacitor lower 
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electrode 170a and the third interlayer isolation film 77. 
Thus, the structure shown in Fig. 55 is obtained. 

Thereafter a dielectric film 150 (see Fig. 50) and 
the like are . formed, thereby obtaining the structure shown 
5 in Fig. 50. The peripheral circuit region is formed 
through fabrication steps identical to those for the 
peripheral circuit region of the DRAM according to the 
embodiment 1 of the present invention shown in Figs . 3 to 
13. 

10 Referring to Fig. 56, a first modification of the 

DRAM according to the embodiment 4 of the present 
invention is basically similar in structure to "the DRAM 
according to the embodiment 4 shown in Fig. 50. In the 
first modification, however, a capacitor is formed while 

15 partially leaving side walls 100 consisting of silicon 

nitride films located between a capacitor lower electrode 
170a and a third interlayer isolation film 77. The side 
walls 100 are so partially left that the surface area of 
outer side surfaces of the capacitor lower electrode 170a 

20 serving as the capacitor can be changed by changing the 

amount of the left side walls 100. Thus, the capacitance 
of the capacitor can be changed without changing the 
structure of the capacitor lower electrode 170a. Further, 
the remaining parts of the side walls 100 also serve as 

25 parts of a reinforcing member against a physical impact, 
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whereby the capacitor lower electrode 170a can be further 
effectively prevented from breaking by a physical impact 
in a cleaning step or the like. 

With reference to Fig. 57, a method of fabricating 
5 the first modification of the DRAM according to the 

embodiment 4 of the present invention is now described. 

First, fabrication steps identical to those for the 
DRAM according to the embodiment 4 of the present 
invention shown in Figs. 51 to 54 are carried out, and 

10 thereafter the side walls 100 are partially removed by 

etching to be partially left, as shown in Fig. 57. In case 
of employing wet etching, only parts of the side walls 100 
can be removed by controlling the time for dipping the 
same in an etching solution. 

15 Thereafter a dielectric film 150 (see Fig. 56) and 

the like are formed, thereby obtaining the structure shown 
in Fig. 56. 

Referring to Fig. 58, a second modification of the 
DRAM according to the embodiment 4 of the present 

20. invention is basically similar in structure to the DRAM 
according to the embodiment 4 shown in Fig. 50. In the 
second modification of the DRAM according to the 
embodiment 4 of the present invention shown in Fig. 58, 
however, clearances located between a capacitor lower 

25 electrode 170a and a third interlayer isolation film 77 
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are so defined as to partially expose a bottom surface of 
the capacitor lower electrode 170a in a fabrication step 
described later. Thus, the exposed part of the bottom 
surface of the capacitor lower electrode 170a also serves 
5 as a capacitor due to formation of a dielectric film 150 
and the like thereon. Thus, the capacitance of the 
capacitor can be further increased. 

With reference to Fig. 59, a method of fabricating 
the second modification of the DRAM according to the 

10 embodiment 4 of the present invention is now described. 

First, fabrication steps identical to those for the 
DRAM according to the embodiment 4 of the present 
invention shown in Figs. 51 to 54 are carried out, 
thereafter side walls 100 (see Fig. 54) located between 

15 the capacitor lower electrode 170a and the third 

interlayer isolation film 7 7 are removed by etching, and 
thereafter etching is performed to partially remove a 
second interlayer isolation film 37 located under the side 
walls 100. Thus, clearances can be defined to expose outer 

20 side surfaces and the part of the bottom surface of the 

capacitor lower electrode 170a. The remaining part of the 
bottom surface of the capacitor lower electrode 170a is in 
contact with the second interlayer isolation film 37 at 
this time, whereby the second interlayer isolation film 37 

25 serves as a reinforcing member for preventing the 
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capacitor lower electrode 170a from breaking or the like 
against a physical impact in a cleaning step or the like 
which is thereafter carried out. 

Then, the dielectric film 150 (see Fig. 58) and the 
5 like are formed, thereby obtaining the structure shown in 
Fig. 58. 

Referring to Fig. 60, a third modification of the 
q DRAM according to the embodiment 4 of the present 

Q invention is basically similar in structure to the DRAM 

j; r p 3 10 according to the embodiment 4 shown in Fig. 50. In the 
S third modification of the DRAM according to the embodiment 

p 4 of the present invention, however, granular crystals 74 

are formed on inner side surfaces of a capacitor lower 
Li electrode 170a. Therefore, the surface area of the 

M15 capacitor lower electrode 170a can be increased without 
increasing its occupied area, thereby increasing the 
capacitance of the capacitor. Consequently, the occupied 
area of the capacitor lower electrode 170a can be reduced 
while ensuring a constant capacitor capacitance. Thus, the 
20 semiconductor device can be refined. 

With reference to Figs. 61 to 63, a method of 
fabricating the third modification of the DRAM according 
to the embodiment 4 of the present invention is now 
described. 

25 First, fabrication steps identical to those for the 
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DRAM according to the embodiment 4 of the present 
invention shown in Figs. 51 to 53 are carried out, and 
thereafter the granular crystals 74 are formed on a 
conductor film 101 through a step similar to that employed 
5 in the embodiment 1 or the like. Thus, the structure shown 
in Fig* 61 is obtained. 

Then, the conductor film 101 and the granular 
crystals 74 located on a third interlayer isolation film 
77 are removed by etching, as shown in Fig. 62. CMP may be 

10 employed at this time. 

Then, side walls 100 are removed from the interior of 
an opening 61 by etching, thereby defining clearances 
between the capacitor lower electrode 170a and the third 
interlayer isolation film 77, as shown in Fig. 63. 

15 Thereafter a dielectric film 150 (see Fig. 60) of the 

capacitor and the like are formed, thereby obtaining the 
structure shown in Fig. 60. 

Referring to Fig. 64, a fourth modification of the 
DRAM according to the embodiment 4 of the present 

20 invention is basically similar in structure to the DRAM 
according to the embodiment 4 shown in Fig. 50. In the 
fourth modification of the DRAM according to the 
embodiment 4 of the present invention, however, granular 
crystals 74 are formed on overall inner and outer side 

25 surfaces of a capacitor lower electrode 170a. Therefore, 
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the surface area of the capacitor lower electrode 170a can 
be further increased without increasing its occupied area. 
Thus, the occupied area of the capacitor lower electrode 
170a can be further reduced as compared with the prior art 
5 while ensuring a constant capacitor capacitance. 

Consequently, the semiconductor device can be further 
refined. 

After forming an opening 61, the width thereof may be 
increased by etching similarly to the embodiment 3, 

10 thereby reducing the width of a third interlayer isolation 
film 77 located between the capacitor lower electrode 170a 
and another capacitor lower electrode to be smaller than 
the minimum working size formable by photolithography. 
Thus, the semiconductor device can be implemented with 

15 higher density of integration. 

With reference to Fig. 65, a method of fabricating 
the fourth modification of the DRAM according to the 
embodiment 4 of the present invention shown in Fig. 64 is 
now described. 

20 First, fabrication steps identical to those for the 

DRAM according to the embodiment 4 of the present 
invention shown in Figs. 51 to 55 are carried out. 
Thereafter the granular crystals 74 (see Fig. 65) are 
formed on the surfaces of the capacitor lower electrode 

25 170a through a step identical to that employed in the 
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embodiment 1 of the present invention. Thus, the structure 
shown in Fig. 65 is obtained. 

Thereafter a dielectric film 150 (see Fig. 64) and 
the like are formed, thereby obtaining the structure shown 
5 in Fig. 64. 

The first to fourth modifications of the embodiment 4 
may be applied to the embodiments 1 to 3, to attain 
similar effects. 

(Embodiment 5) 

10 Referring to Fig. 66, A DRAM according to an 

embodiment 5 of the present invention is basically similar 
in structure to the DRAM according to the embodiment 4 
shown in Fig. 50. However, a capacitor lower electrode 105 
of the DRAM according to the embodiment 5 is in the form 

15 of a thick film. In the DRAM according to the embodiment 5 
of the present invention, clearances are defined between 
side surfaces of the capacitor lower electrode 105 and a 
third interlayer isolation film 77 for forming a 
dielectric film 150 and a capacitor upper electrode 151 on 

20 the side surfaces of the capacitor lower electrode 105, 

whereby the capacitance of the capacitor can be increased. 
Further, the clearances are defined only between the side 
surfaces of the capacitor lower electrode 105 and the 
third interlayer isolation film 77 in a fabrication step 

25 described later, whereby a bottom surface of the capacitor 
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lower electrode 105 can be brought into contact with a 
second interlayer isolation film 37 while defining such 
clearances. When a semiconductor substrate provided with 
this semiconductor device is cleaned in the state defining 
5 the clearances, therefore, the second interlayer isolation 
film 37 which is in contact with the bottom surface of the 
capacitor lower electrode 105 serves as a reinforcing 
member for preventing the capacitor lower electrode 105 
from partial breaking caused by physical vibration in the 

10 cleaning step or the like. 

Further, the capacitor lower electrode 105 is 
embedded in the third interlayer isolation film 77, 
whereby no step is caused on an upper surface of a fourth 
interlayer isolation film 205 between a memory cell region 

15 and a peripheral circuit region or the like. In case of 
forming a wiring layer consisting of aluminum or the like 
on the fourth interlayer isolation film 205 by 
photolithography, therefore, the pattern of the wiring 
layer is prevented from being blurred by such a step on 

20 the upper surface of the fourth interlayer isolation film 
205. Thus, the wiring layer is prevented from 
disconnection or shorting resulting from a blurred pattern. 
Consequently, the semiconductor device can be implemented 
with higher density of integration while ensuring the 

25 capacitance of the capacitor and attaining high 
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reliability. 

In the embodiment 5, the width of an opening 61 may- 
be increased by etching, for reducing the width of a part 
of the third inter layer isolation film 7 7 located between 
5 the capacitor lower electrode 105 and another capacitor 
lower electrode to be smaller than the minimum working 
size formable by photolithography. Thus, the interval 
between the capacitor lower electrode 105 and the other 
capacitor lower electrode can be reduced as compared with 

10 the prior art. Consequently, the semiconductor device can 
be implemented with higher density of integration. 

With reference to Figs. 67 to 69, a method of 
fabricating the DRAM according to the embodiment 5 of the 
present invention is now described. 

15 First, fabrication steps identical to those for the 

DRAM according to the embodiment 4 of the present 
invention shown in Figs. 51 and 52 are carried out, and 
thereafter a dielectric film 104 consisting of amorphous 
silicon or the like is formed on the third interlayer 

20 isolation film 77 and in the opening 61, as shown in Fig. 
67. 

Then, a part of the dielectric film 104 located on 
the third interlayer isolation film 77 is removed by dry 
etching or CMP , thereby obtaining the structure shown in 
25 Fig. 68. Thus, the capacitor lower electrode 105 is formed. 
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Then, side walls 100 (see Fig. 68) are removed by 
etching as shown in Fig. 69, thereby defining the 
clearances between the capacitor lower electrode 105 and 
the third interlayer isolation film 77. 

5 Thereafter the dielectric film 150 (see Fig. 66) and 

the like are formed on the surfaces of the capacitor lower 
electrode 105 and the third interlayer isolation film 77, 
thereby obtaining the structure shown in Fig. 66. The 
peripheral circuit region is formed through fabrication 

10 steps identical to those for the peripheral circuit region 
of the DRAM according to the embodiment 1 shown in Figs. 3 
to 13. 

Referring to Fig. 70, a modification of the DRAM 
according to the embodiment 5 of the present invention is 

15 basically similar in structure to the DRAM according to 

the embodiment 5 shown in Fig. 66. In the modification of 
the DRAM according to the embodiment 5 of the present 
invention, however, granular crystals 74 are formed on 
surfaces of a capacitor lower electrode 105. In addition 

20 to the effect of the DRAM according to the embodiment 5 of 
the present invention shown in Fig. 66, therefore, the 
surface area of the capacitor lower electrode 105 can be 
increased without increasing its occupied area. Thus, the 
capacitance of the capacitor can be increased. Therefore, 

25 the occupied area of the capacitor lower electrode 105 can 



- 88 - 




be reduced as compared with the prior art while ensuring a 
constant capacitor capacitance. Consequently, the 
semiconductor device can be further refined. 

With reference to Fig. 71, a method of fabricating 
5 the modification of the DRAM according to the embodiment 5 
of the present invention is now described. 

First, fabrication steps identical to those for the 
DRAM according to the embodiment 5 of the present 
invention shown in Figs. 67 to 69 are carried out, and 

10 thereafter the granular crystals 74 are formed on the 

surfaces of the capacitor lower electrode 105, as shown in 
Fig. 71. These granular crystals 74 are formed through a 
step similar to that for forming the granular crystals 74 
in the DRAM according to the embodiment 1 . 

15 Thereafter a dielectric film 150 (see Fig. 70) and 

the like are formed on a third interlayer isolation film 
77 and the surfaces of the capacitor lower electrode 105, 
thereby obtaining the structure shown in Fig. 70. 



embodiment 6 of the present invention taken along the line 
700-700 in the typical plan view of the memory cell region 
of the DRAM shown in Fig. 1. 

Referring to Fig. 72, a trench isolation oxide film 
25 40 is formed on a major surface of a semiconductor 



20 



(Embodiment 6) 

Fig. 72 is a sectional view of a DRAM according to an 
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substrate 1 to enclose an active region 39 in the memory 
cell region of the DRAM according to the embodiment 6 of 
the present invention. Source/drain regions 201b and 201c 
are formed on the major surface of the semiconductor 
5 substrate 1. Further, a gate electrode 43b is formed on 

the major surface of the semiconductor substrate 1 through 
a gate insulating film 42b. A silicon nitride film 44b is 
formed on the gate electrode 43b. Side walls 46c and 46d 
consisting of silicon nitride films are formed on side 
10 surfaces of the silicon nitride film 44b, the gate 

electrode 43b and the gate insulating film 42b. A non- 
doped silicon oxide film 47 is formed on the silicon 
nitride film 44b, the side walls 46c and 46d and the major 
surface of the semiconductor substrate 1. A first 
15 interlayer isolation film 48 is formed on the non-doped 
silicon oxide film 47. A bit line 174 consisting of a 
doped polysilicon film 52 and a refractory metal silicide 
film 53 is formed on the first interlayer isolation film 
48. Side walls 55a and 55b consisting of silicon nitride 
20 films are formed on side surfaces of the silicon nitride 
film 54 and the bit line 174. A second interlayer 
isolation film 37 is formed on the silicon nitride film 54, 
the side walls 55a and 55b and the first interlayer 
isolation film 48. The first and second interlayer 
25 isolation films 48 and 37 and the non-doped silicon oxide 




film 47 are partially removed, thereby forming an opening 
110. The second interlayer isolation film 37 is formed to 
extend from the memory cell region to a peripheral circuit 
region. A capacitor lower electrode 112 consisting of 

5 amorphous silicon or polysilicon is formed in the opening 
110 to partially extend upwardly beyond the second 
interlayer isolation film 37. A dielectric film 150 is 
formed on the capacitor lower electrode 112 and the second 
interlayer isolation film 37. A capacitor upper electrode 

10 151 is formed on the dielectric film 150. A third 

interlayer isolation film 205 is formed on the capacitor 
upper electrode 151. The peripheral circuit region of the 
DRAM according to the embodiment 6 of the present 
invention is basically similar in structure to that of the 

15 DRAM according to the embodiment 1 shown in Fig. 2. 

In the DRAM according to the embodiment 6 of the 
present invention, the capacitor lower electrode 112 is 
partially embedded in the second interlayer isolation film 
37. Therefore, the difference between the vertical 

20 positions of an upper surface of the second interlayer 

isolation film 37 and a top surface of the capacitor lower 
electrode 112 can be reduced in the memory cell region as 
compared with the prior art. In case of forming the third 
interlayer isolation film 205 in the memory cell region 

25 and the peripheral circuit region, therefore, a step on an 



upper surface of the third interlayer isolation film 205 
between the memory cell region and the peripheral circuit 
region can be reduced. In case of forming a wiring layer 
consisting of aluminum or the like on the third interlayer 
isolation film 2 05 by photolithography, consequently, the 
pattern of the wiring layer can be prevented from being 
blurred by such a step on the upper surface of the third 
interlayer isolation film 205. Consequently, the wiring 
layer can be prevented from disconnection or shorting 
resulting from a blurred pattern. Thus, the semiconductor 
device can be implemented with higher density of 
integration while ensuring the capacitance of the 
capacitor and attaining high reliability. 

Further, the capacitor lower electrode 112, the 
silicon nitride film 54 and the side wall 55b are in 
contact with each other as shown in Fig. 72, whereby the 
silicon nitride film 54 and the side wall 55b can be 
utilized as masks in an etching step for forming the 
opening 110 as described later. Therefore, no step of 
patterning a resist pattern is necessary for forming the 
contact hole 110 for connecting the capacitor lower 
electrode 112 with the source/drain region 201b on the 
major surface of the semiconductor substrate 1, 
dissimilarly to the prior art. Thus, the number of 
fabrication steps can be reduced. 



With reference to Figs. 73 to 77, a method of 
fabricating the DRAM according to the embodiment 6 of the 
present invention is now described. 

First, the trench isolation oxide film 40 (see Fig. 

5 73) is formed on the major surface of the semiconductor 

substrate 1 (see Fig. 73) to enclose the active region 39. 
A silicon oxide film (not shown) for defining the gate 
insulating film 42b is formed on the major surface of the 
semiconductor substrate 1. A polysilicon film (not shown) 

10 for defining the gate electrode 43b is formed on the 

silicon oxide film. A silicon nitride film (not shown) is 
formed on the polysilicon film. A resist pattern (not 
shown) is formed on the silicon nitride film, and employed 
as a mask for partially removing the silicon nitride film, 

15 the polysilicon film and the silicon oxide film by etching. 
Thus, the gate insulating film 42b (see Fig. 73), the gate 
electrode 43b (see Fig. 73) and the silicon nitride film 
44b (see Fig. 73) are formed. Thereafter the resist 
pattern is removed. Then, a silicon nitride film (not 

20 shown) is formed to cover the overall surface. This 

silicon nitride film is partially removed by anisotropic 
etching, thereby forming the side walls 46c and 46d (see 
Fig. 73) on the side surfaces of the gate insulating film 
42b, the gate electrode 43b and the silicon nitride film 

25 44b. 
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The non-doped silicon oxide film 47 (see Fig. 73) is 
formed to cover the overall surface. The first interlayer 
isolation film 48 (see Fig. 73) is formed on the non-doped 
silicon oxide film 47. A doped polysilicon film (not 
shown) is formed on the first interlayer isolation film 48. 
A refractory metal silicide film (not shown) is formed on 
the doped polysilicon film. A silicon nitride film (not 
shown) is formed on the refractory metal silicide film. A 
resist pattern (not shown) is formed on the silicon 
nitride film and thereafter employed as a mask for 
partially removing the silicon nitride film, the 
refractory metal silicide film and the doped polysilicon 
film, thereby forming the bit line 174 (see Fig. 73) 
consisting of the doped polysilicon film 52 (see Fig. 73) 
and the refractory metal silicide film 53 (see Fig. 73) 
and the silicon nitride film 54 (see Fig. 73). A silicon 
nitride film (not shown) is formed to cover the overall 
surface and thereafter partially removed by anisotropic 
etching, thereby forming the side walls 55a and 55b (see 
Fig. 73). The second interlayer isolation film 37 (see Fig. 
73) is formed on the silicon nitride film 54. A boron- 
doped silicon oxide film 60 (see Fig. 73) is formed on the 
second interlayer isolation film 37. Thus, the structure 
shown in Fig. 73 is obtained. Steps of fabricating a 
field-effect transistor and a wiring layer in a peripheral 



circuit region are similar to those for the field-effect 
transistor and the wiring layer in the peripheral circuit 
region of the DRAM according to the embodiment 1 of the 
present invention. 

Then, a resist pattern (not shown) is formed on the 
boron-doped silicon oxide film 60 and thereafter employed 
as a mask for partially removing the boron-doped silicon 
oxide film 60, the second interlayer isolation film 37 , 
the first interlayer isolation film 48 and the non-doped 
silicon oxide film 47, thereby forming the opening 110 
(see Fig. 74). In the etching step for forming the opening 
110, the silicon nitride films 54 and 44b and the side 
walls 55b and 46c are employed as parts of the mask, 
whereby the opening 110 can reach the source/drain region 
201b in a self -alignment manner. Thereafter the resist 
pattern is removed, thereby obtaining the structure shown 
in Fig. 74. 

The width of the opening 110 may be increased by 
isotropic etching. Thus, the width of a part of the second 
interlayer isolation film 37 located between the opening 
110 and another opening for another capacitor lower 
electrode can be reduced to be smaller than the minimum 
working size formable by photolithography. In case of 
forming the capacitor lower electrode 112 (see Fig. 72) in 
the opening 110, therefore, the interval between the 




capacitor lower electrode 112 and the other capacitor 
lower electrode can be reduced as compared with the prior 
art. Consequently, the semiconductor device can be 
implemented with higher density of integration. 
5 Then, a conductor film 111 consisting of amorphous 

silicon or the like is formed on the boron-doped silicon 
oxide film 60 and in the opening 110, as shown in Fig, 75. 

Then, the conductor film 111 (see Fig. 75) located on 
the boron-doped silicon oxide film 60 is removed by dry 
10 etching or CMP, thereby forming the capacitor lower 
electrode 112, as shown in Fig. 76. 

Then, the boron-doped silicon oxide film 60 (see Fig. 
76) is removed by etching, as shown in Fig. 77. 

Thereafter the dielectric film 150 (see Fig. 72) and 
15 the like are formed on the capacitor lower electrode 112 
and the second interlayer isolation film 37, thereby 
obtaining the structure shown in Fig. 72. 

Referring to Fig. 78, a first modification of the 
DRAM according to the embodiment 6 of the present 
20 invention is basically identical in structure to the DRAM 
according to the embodiment 6 shown in Fig. 72. In the 
first modification of the DRAM according to the embodiment 
6 of the present invention, however, granular crystals 74 
are formed on inner side surfaces of a capacitor lower 
25 electrode 112. Therefore, the surface area of the 



capacitor lower electrode 112 can be increased without 
increasing its occupied area. Thus, the capacitance of the 
capacitor can be increased. Consequently, the occupied 
area of the capacitor lower electrode 112 can be reduced 
5 while ensuring a constant capacitor capacitance. 

Consequently, the semiconductor device can be further 
refined. 

In order to fabricate the first modification of the 
DRAM according to the embodiment 6 of the present 

10 invention, fabrication steps identical to those for the 

DRAM according to the embodiment 6 shown in Figs. 73 to 75 
are carried out and thereafter a fabrication step 
identical to that for the third modification of the DRAM 
according to the embodiment 1 shown in Fig. 22 is carried 

15 out. Thereafter fabrication steps identical to those for 
the DRAM according to the embodiment 6 shown in Figs. 76 
and 77 are carried out, thereby obtaining the structure 
shown in Fig. 78. 

Referring to Fig. 79, a second modification of the 

20 DRAM according to the embodiment 6 of the present 

invention is basically similar in structure to the DRAM 
according to the embodiment 6 shown in Fig. 72. In the 
second modification of the DRAM according to the 
embodiment 6 of the present invention shown in Fig. 79, 

25 however, granular crystals 74 are formed also on inner 




surfaces and outer side surfaces of a capacitor lower 
electrode 112. Therefore, the surface area of the 
capacitor lower electrode 112 can be increased without 
increasing its occupied area. Thus, the occupied area of 
5 the capacitor lower electrode 112 can be further reduced 
while ensuring a constant capacitor capacitance. 

With reference to Fig. 80, a method of fabricating 
the second modification of the DRAM according to the 
embodiment 6 of the present invention is now described. 
10 First, fabrication steps identical to those for the 

DRAM according to the embodiment 6 shown in Figs. 73 to 77 
are carried out, and thereafter the granular crystals 74 
(see Fig. 80) are formed on the surfaces of the capacitor 
lower electrode 112. The granular crystals 74 are formed 
15 through a step similar to that for forming the granular 
crystals 74 in the DRAM according to the embodiment 1 of 
the present invention. Thus, the structure shown in Fig. 
80 is obtained. 

Thereafter a dielectric film 150 (see Fig. 79) and 
20 the like are formed on the granular crystals 74 and a 

second interlayer isolation film 37, thereby obtaining the 
structure shown in Fig. 79. 

Referring to Fig. 81, a third modification of the 
DRAM according to the embodiment 6 of the present 
25 invention is basically similar in structure to the DRAM 
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according to the embodiment 6 shown in Fig. 72. In the 
third modification of the DRAM according to the embodiment 
6 of the present invent ion , however, a capacitor lower 
electrode 92 is in the form of a thick film. The third 
5 modification of the DRAM according to the embodiment 6 of 
the present invention shown in Fig. 81 attains an effect 
similar to that of the DRAM according to the embodiment 6 
shown in Fig. 72. 

In order to fabricate the third modification of the 

10 DRAM according to the embodiment 6 of the present 

invention shown in Fig. 81, fabrication steps identical to 
those for the DRAM according to the embodiment^ shown in 
Figs. 73 and 74 are carried out and thereafter fabrication 
steps identical to those for the DRAM according to the 

15 embodiment 2 shown in Figs. 28 and 29 are carried out. 
Thus, the structure shown in Fig. 81 is obtained. 

Referring to Fig. 82, a fourth modification of the 
DRAM according to the embodiment 6 of the present 
invention is basically similar in structure to the third 

20 modification of the DRAM according to the embodiment 6 

shown in Fig. 81. In the fourth modification shown in Fig. 
82, however, side walls 96 and 97 are formed on side 
surfaces of a capacitor lower electrode 92. Surfaces of 
the side walls 96 and 97 are at least partially curved. 

25 Therefore, the surface areas of the side surfaces of the 
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capacitor lower electrode 92 can be increased as compared - 
with the case of forming no side walls 96 and 97. Thus, 
the capacitor capacitance can be increased. Therefore, the 
occupied area of the capacitor lower electrode 92 can be 
reduced as compared with the prior art while ensuring a 
constant capacitor capacitance. Consequently, the 
semiconductor device can be further refined. 

In order to fabricate the fourth modification of the 
DRAM according to the embodiment 6 of the present 
invention shown in Fig. 82, fabrication steps identical to 
those for the DRAM according to the embodiment 6 shown in 
Figs. 73 and 74 are carried out, and thereafter 
fabrication steps identical to those for the DRAM 
according to the embodiment 2 shown in Figs. 28 and 29 are 
carried out. Thereafter fabrication steps identical to 
those for the first modification of the DRAM according to 
the embodiment 2 of the present invention shown in Figs. 
31 and 32 are carried out. Thus, the structure shown in 
Fig. 82 is obtained. 
20 Referring to Fig. 83, a fifth modification of the 

DRAM according to the embodiment 6 of the present 
invention, which is basically similar in structure to the 
fourth modification of the DRAM according to the 
embodiment 6 shown in Fig. 82, further comprises granular 
25 crystals 98 on surfaces of side walls 96 and 97 formed on 
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side surfaces of a capacitor lower electrode 92. In the 
fifth modification of the DRAM according to the embodiment 
6 of the present invention comprising the granular 
crystals 98, therefore, the surface area of the capacitor 

5 lower electrode 92 can be further increased without 

increasing its occupied area. Therefore, the capacitance 
of the capacitor can be increased. Thus, the occupied area 
of the capacitor lower electrode 92 can be reduced as 
compared with the prior art while ensuring a constant 

10 capacitor capacitance, and the semiconductor device can be 

further refined. 

In order to fabricate the fifth modification of the 
DRAM according to the embodiment 6 of the present 
invention shown in Fig. 83, fabrication steps identical to 

15 those for the DRAM according to the embodiment 6 shown in 
Figs. 73 and 74 are carried out, and thereafter 
fabrication steps identical to those for the DRAM 
according to the embodiment 2 shown in Figs. 28 and 29 are 
carried out. Then, fabrication steps identical to those 

20 for the first modification of the DRAM according to the 

embodiment 2 shown in Figs. 31 and 32 are carried out, and 
thereafter a fabrication step identical to that for the 
third modification of the DRAM according to the embodiment 
2 shown in Fig. 36 is carried out. Thus, the structure 

25 shown in Fig. 83 is obtained. 
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Referring to Fig. 84, a sixth modification of the 
DRAM according to the embodiment 6 of the present 
invention is basically similar in structure to the fifth 
modification of the DRAM according to the embodiment 6 
5 shown in Fig. 83. In the sixth modification shown in Fig. 
84, however, granular crystals 98 are formed also on an 
upper surface of a capacitor lower electrode 92. Therefore, 
the surface area of the capacitor lower electrode 92 can 
be increased as compared with the prior art without 
10 increasing its occupied area. Thus, an effect similar to 
that of the fifth modification of the DRAM according to 
the embodiment 6 of the present invention showri in Fig. 83 
can be attained. 

In order to fabricate the sixth modification of the 
15 DRAM according to the embodiment 6 of the present 

invention shown in Fig. 84, a fabrication step identical 
to that for the fifth modification of the DRAM according 
to the embodiment 6 shown in Fig. 83 is carried out for 
forming side walls 96 and 97 and thereafter a fabrication 
20 step identical to that for the fourth modification of the 
DRAM according to the embodiment 2 shown in Fig. 38 is 
carried out, thereby obtaining the structure shown in Fig. 
84. 

(Embodiment 7) 

25 A memory cell region of a DRAM according to an 
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embodiment 7 of the present invention is basically similar 
in structure to that of the DRAM according to the 
embodiment 1 shown in Fig. 1. In the DRAM according to the 
embodiment 7 of the present invention , however , a bit line 
5 174 is smaller in width than a contact hole 49. Fig. 86 
shows a section taken along the line 500-500 in Fig. 1. 
Referring to Fig. 86, the DRAM according to the embodiment 
7 of the present invention is basically similar in 
structure to the first modification of the DRAM according 

10 to the embodiment 1 shown in Fig. 16. However, the DRAM 
according to the embodiment 7 of the present invention 
shown in Fig. 86 is so formed that the bit line 174 is 
smaller in width than the contact hole 49. 

In addition to the effect of the first modification 

15 of the DRAM according to the embodiment 1 of the present 
invention shown in Fig. 16 , therefore, the semiconductor 
device can be further refined as compared with the 
conventional case of increasing the width of the bit line 
174 to be larger than that of the contact hole 49. 

20 The bit line 174 is directly in contact with a second 

interlayer isolation film 37, and no wire protection 
isolation film such as a silicon nitride film is formed 
therebetween. Therefore, the number of layers formed in 
the memory cell region can be reduced as compared with the 

25 general case of forming a wire protection isolation film 
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on the bit line 174. Thus, the vertical position of an 
upper surface of a fourth interlayer isolation film 205 
can be lowered in the memory cell region, thereby further 
reducing a step on the upper surface of the fourth 
5 interlayer isolation film 205 between the memory cell 

region and a peripheral circuit region. In case of forming 
a wiring layer consisting of aluminum or the like on the 
fourth interlayer isolation film 205 by photolithography, 
therefore, the pattern of this wiring layer can be 

10 prevented from being blurred by such a step on the upper 

surface of the fourth interlayer isolation film 205. Thus, 
the wiring layer can be prevented from a defect: such a 
disconnection or shorting, whereby the semiconductor 
device can be implemented with higher density of 

15 integration while ensuring the capacitance of the 
capacitor and attaining high reliability. 

While a method of fabricating the DRAM according to 
the embodiment 7 of the present invention shown in Fig. 86 
is basically similar to that for the first modification of 

20 the DRAM according to the embodiment 1 shown in Fig. 16, a 
refractory metal film 127 of titanium or the like and a 
tungsten film 12 6 are formed in the contact hole 49 in a 
fabrication step identical to that shown in Fig. 7. A 
resist pattern is formed on the tungsten film 126 and 

25 thereafter employed as a mask for partially removing the 
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tungsten film 126 and the refractory metal film 127 by 
etching, thereby forming the bit line 174 shown in Fig. 86. 
No wire protection isolation film such as a silicon 
nitride film is formed on the bit line 174, whereby a 
surface of a second interlayer isolation film 37 can be 
readily flattened. 

Referring to Fig. 87, a modification of the DRAM 
according to the embodiment 7 of the present invention is 
basically similar in structure to the DRAM according to 
the embodiment 7 shown in Fig. 86. In the modification of 
the DRAM according to the embodiment 7 of the present 
invention shown in Fig. 87, however, a plug 128 consisting 
of phosphorus -doped polysilicon or the like is formed in a 
contact hole 49. A bit line 174 consisting of a refractory 
metal film 127 of titanium or the like and a tungsten film 
126 is formed on this plug 128. The bit line 174 is formed 
to be smaller in width than the contact hole 49. Thus, an 
effect similar to that of the DRAM according to the 
embodiment 7 of the present invention shown in Fig. 86 is 
attained. 

A method of fabricating the modification of the DRAM 
according to the embodiment 7 of the present invention 
shown in Fig. 87 is basically similar to that for the DRAM 
according to the embodiment 7 shown in Fig. 86. In a step 
of forming the bit line 174 of the modification of the 



DRAM according to the embodiment 7 shown in Fig. 86, 
however, the plug 128 consisting of phosphorus -doped 
polysilicon is first formed in the contact hole 49, for 
thereafter forming the bit line 174, 
5 (Embodiment 8) 

Referring to Fig. 88, a memory cell region of a DRAM 
according to an embodiment 8 of the present invention is 
basically similar in structure to the memory cell region 
of the DRAM according to the embodiment 1 shown in Fig. 2. 

10 A peripheral circuit region of the DRAM according to the 
embodiment 8 of the present invention is also basically 
similar in structure to the peripheral circuit "region of 
the DRAM according to the embodiment 1 shown in Fig. 2. In 
the DRAM according to the embodiment 8 of the present 

15 invention shown in Fig. 88, however, a contact hole 135 is 
formed in the peripheral circuit region for connecting a 
wiring layer formed on a fourth interlayer isolation film 
205 and a capacitor upper electrode 151. Further, a dummy 
wiring layer 138 is formed on a region located under the 

20 contact hole 135, for protecting a peripheral circuit 
element such as a field-effect transistor in the 
peripheral circuit region. 

Even if the contact hole 135 passes through the 
capacitor upper electrode 151 and a dielectric film 150 to 

25 reach a third interlayer isolation film 59 located under 
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the same or the like in an etching step for forming the 
contact hole 135, the dummy wiring layer 138 consisting of 
a doped polysilicon film 52 and a refractory metal 
silicide film 53 can stop progress of the etching. 
5 Consequently, the peripheral circuit element located under 
the dummy wiring layer 138 can be prevented from damage by 
the etching. Thus, the semiconductor device can be 
prevented from a defective operation resulting from damage 
of the peripheral circuit element. Consequently, a highly 

10 reliable semiconductor device can be obtained. 

Fabrication steps for the DRAM according to the 
embodiment 8 of the present invention shown in "Fig. 88 are 
basically similar to those for the DRAM according to the 
embodiment 1 shown in Figs. 3 to 14. However, the dummy 

15 wiring layer 138 is formed in a fabrication step identical 
to that for the wiring layer 202 in the peripheral circuit 
region shown in Fig. 2. 

Referring to Fig. 89, a first modification of the 
DRAM according to the embodiment 8 of the present 

20 invention is basically similar in structure to the DRAM 
according to the embodiment 8 shown in Fig. 88. In the 
first modification of the DRAM according to the embodiment 
8 of the present invention shown in Fig. 89, however, no 
peripheral circuit elements such as a wiring layer and a 

25 field-effect transistor are formed in a region located 
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under a contact hole 135 in a peripheral circuit region. 

Even if the contact hole 135 passes through a 
capacitor upper electrode 151 and the like to reach a 
third interlayer isolation film 59 located under the same 
5 in an etching step for forming the contact hole 135, 

therefore, no peripheral circuit elements are damaged by 
this etching. 

A method of fabricating the first modification of the 
DRAM according to the embodiment 8 of the present 

10 invention shown in Fig. 89 is basically similar to that 

for the DRAM according to the embodiment 8 of the present 
invention shown in Fig. 8. However, the contact hole 135 
and the peripheral circuit elements are formed on regions 
not overlapping with each other in plane. 

15 Referring to Fig. 90, a memory cell region of a 

second modification of the DRAM according to the 
embodiment 8 of the present invention is basically similar 
in structure to that of the DRAM according to the 
embodiment 8 shown in Fig. 88. In a peripheral circuit 

20 region, a third interlayer isolation film 59 and a silicon 
nitride film 58 are partially removed, thereby forming an 
opening 303. A dummy capacitor lower electrode 140 
consisting of a material similar to that for a capacitor 
lower electrode 170a of the memory cell region is formed 

25 in the opening 303. A dielectric film 150 is formed on the 
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third interlayer isolation film 59 and the dummy capacitor 
lower electrode 140. A capacitor upper electrode 151 is 
formed on the dielectric film 150. The contact hole 135 
reaches the capacitor upper electrode 151 on a bottom 
5 portion of the dummy capacitor lower electrode 140, 

Thus, the dummy capacitor lower electrode 140 is 
formed for forming the contact hole 135 in the region 
located above the same f whereby the depth of the contact 
hole 135 can be made larger than that of the contact hole 

10 135 in the DRAM according to the embodiment 8 of the 

present invention shown in Fig. 88. Thus, the difference 
between the depths of another contact hole (no£ shown) 
reaching a wiring layer 202 (see Fig. 2) in the peripheral 
circuit region and the contact hole 135 (see Fig. 90) of 

15 the DRAM according to the embodiment 8 of the present 
invention can be reduced. Consequently, the capacitor 
upper electrode 151 can .be prevented from excessive 
etching on a bottom portion of the contact hole 135 in an 
etching step for forming the contact hole 135. Thus, the 

20 etching can be prevented from passing through the 

capacitor upper electrode 151 and reaching the second 
interlayer isolation film 37 located under the same. 

While a method of fabricating the second modification 
of the DRAM according to the embodiment 8 of the present 

25 invention shown in Fig. 90 is basically similar to that 
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for the first modification of the DRAM according to the 
embodiment 8 shown in Fig. 89, the dummy capacitor lower 
electrode 140 is formed simultaneously with the capacitor 
lower electrode 170a in the memory cell region. 
5 Referring to Fig. 91 , a third modification of the 

DRAM according to the embodiment 8 of the present 
invention is basically similar in structure to the second 
modification of the DRAM according to the embodiment 8 
shown in Fig. 90- In the third modification of the DRAM 

10 according to the embodiment 8 of the present invention 

shown in Fig. 91, however, the horizontal width of a dummy 
capacitor lower electrode 140 is reduced while fc the 
vertical thickness of a capacitor upper electrode 151 in 
the dummy capacitor lower electrode 140 is increased as 

15 compared with that in the second modification shown in Fig. 
90. A contact hole 135 is formed in an upper portion of 
the capacitor upper electrode 151 having a large vertical 
thickness . 

Thus, the vertical thickness of the capacitor upper 
20 electrode 151 located under the contact hole 135 is so 

increased that the contact hole 135 can be prevented from 
passing through the capacitor upper electrode 151 and 
reaching a second interlayer isolation film 37 in an 
etching step for forming the contact hole 135. Further, 
25 the depth of the contact hole 135 can be arbitrarily 



changed by adjusting the width of an opening 303 and the 
thickness of the capacitor upper electrode 151. 

A method of fabricating the third modification of the 
DRAM according to the embodiment 8 of the present 
5 invention shown in Fig. 91 is basically similar to that 
for the second modification of the DRAM according to the 
embodiment 8 shown in Fig. 90. 

In order to obtain a semiconductor device which can 
be implemented with high density of integration while 
10 ensuring a constant capacitor capacitance and attaining 
high reliability, a wire having lower resistance and a 
lower capacitance is required in a memory cell 'region and 
a peripheral circuit region. 

Referring to Fig. 118, a silicon nitride film 1002 is 
15 formed on a major surface of a semiconductor substrate 
1001, in relation to a conventional wire. A non-doped 
silicon oxide film 1143 is formed on the silicon nitride 
film 1002. The non-doped silicon oxide film 1143 and the 
silicon nitride film 1002 are partially removed, thereby 
20 forming an opening 1003. A wire 1005 consisting of 
polysilicon is formed in the opening 1003. 

With reference to Figs. 119 and 120, steps of 
fabricating the conventional wire 1005 are now described. 
First, the silicon nitride film 1002 (see Fig. 119) 
25 is formed on the major surface of the semiconductor 
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substrate 1001 (see Fig. 119). The silicon nitride film 
1002 may be replaced with a silicon oxi-nitride film or a 
film having a multilayer structure of a silicon nitride 
film and a silicon oxi-nitride film. The non-doped silicon 
5 oxide film 1143 (see Fig. 119) is formed on the silicon 
nitride film 1002. The non-doped silicon oxide film 1143 
may be replaced with a silicon oxide film doped with 
phosphorus or boron. A resist pattern (not shown) is 
formed on the non-doped silicon oxide film 1143 and 
10 thereafter employed as a mask for partially removing the 
non-doped silicon oxide film 1143 and the silicon nitride 
film 1002, thereby forming the opening 1003 (see Fig. 119). 
Thus, the structure shown in Fig. 119 is obtained. 

Then, a polysilicon film 1004 is formed on the non- 
15 doped silicon oxide film 1143 and in the opening 1003, as 
shown in Fig. 120. The polysilicon film 1004 may be 
replaced with an amorphous silicon film. The polysilicon 
film 1004 may be doped with phosphorus, arsenic or no 
impurity. Further, the polysilicon film 1004 may be 
20 replaced with a film of a refractory metal such as 

tungsten or titanium, or a silicide of such a refractory 
metal. In addition, the polysilicon film 1004 may be 
replaced with a metal film of copper or aluminum, or a 
multilayer structure thereof. 
25 Then, the polysilicon film 1004 located on the non- 



doped silicon oxide film 1143 is removed by etching or CMP, 
for obtaining the structure shown in Fig. 118. 

Fig. 121 shows an exemplary structure of a second 
generally proposed wire. Referring to Fig. 121 , a silicon 
5 nitride film 1002 is formed on a major surface of a 

semiconductor substrate 100 1, in relation to the second 
generally proposed wire. A non-doped silicon oxide film 
1143 is formed on the silicon nitride film 1002. The non- 
doped silicon oxide film 1143 and the silicon nitride film 

10 1002 are partially removed, thereby forming an opening 

1003. A wire 1015 consisting of polysilicon is formed in 
the opening 1003. Granular crystals 1016 are formed on 
surfaces of the wire 1015. Thus, the resistance of the 
wire 1015 can be reduced due to the granular crystals 1016 

15 formed on its surfaces. 

With reference to Figs. 122 to 124, fabrication steps 
for the second generally proposed wire 1015 are described. 

The silicon nitride film 1002 (see Fig. 122) is 
formed on the major surface of the semiconductor substrate 

20 1001 (see Fig. 122). The non-doped silicon oxide film 1143 
(see Fig. 122) is formed on the silicon nitride film 1002. 
A resist pattern (not shown) is formed on the non-doped 
silicon oxide film 1143 and thereafter employed as a mask 
for partially removing the non-doped silicon oxide film 

25 1143 and the silicon nitride film 1002 by etching, thereby 
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forming the opening 1003 (see Fig. 122). Thereafter the 
resist pattern is removed. Thus, the structure shown in 
Fig, 122 is obtained. 

Then, a conductor film 1014 consisting of polysilicon 
5 is formed in the opening 1003 and on the non-doped silicon 
oxide film 1143, as shown in Fig. 123. 

Then, a part of the conductor film 1014 located on 
the non-doped silicon oxide film 1143 is removed by 
etching, thereby obtaining the structure shown in Fig. 124. 

10 Thereafter the granular crystals 1016 (see Fig. 121) are 
formed on the surfaces of the wire 1015 through a step 
similar to that for the first modification of the DRAM 
according to the embodiment 1 of the present invention. 
Thus, the structure shown in Fig. 121 is obtained. 

15 While a low- resistance wire is proposed in general, 

deterioration of device characteristics such as access 
delay resulting from increased wire resistance is now 
coming into question in the generally proposed wire 
following refinement of the semiconductor device. Thus, 

20 further reduction of the resistance and the capacitance of 
the wire is required. In order to obtain a wire satisfying 
such requirement, the structure applied to the shape of 
the capacitor lower electrode in the present invention can 
be applied. A modification of a wire in the DRAM according 

25 to the embodiment 8 of the present invention based on such 
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an idea is now described. 

Referring to Fig. 92, a silicon nitride film 2 is 
formed on a major surface of a semiconductor substrate 1, 
in relation to a first modification of a wire of the DRAM 
5 according to the embodiment 8 of the present invention. A 
non-doped silicon oxide film 143 is formed on the silicon 
nitride film 2. A wire 5 consisting of polysilicon is 
formed to be partially embedded in the non-doped silicon 
oxide film 143 and the silicon nitride film 2. Granular 

10 crystals 9 are formed on inner surfaces and outer side 
surfaces of the wire 5. 

The wire 5 is thus formed to upwardly extend beyond 
an upper surface of the non-doped silicon oxide film 143, 
whereby the sectional area of the wire 5 can be increased 

15 while reducing its occupied area. Thus, the resistance of 
the wire 5 can be reduced. Further, the resistance of the 
wire 5 can be further reduced due to the granular crystals 
9 formed on its surfaces . 

With reference to Figs. 93 to 96, fabrication steps 

20 for the first modification of the wire of the DRAM 

according to the embodiment 8 of the present invention are 
now described. 

First, the silicon nitride film 2 (see Fig. 93) is 
formed on the major surface of the semiconductor substrate 

25 1 (see Fig. 93). The non-doped silicon oxide film 143 (see 
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Fig. 93) is formed on the silicon nitride film 2. A boron- 
doped silicon oxide film 6 (see Fig. 93) is formed on the 
non-doped silicon oxide film 143. A resist pattern (not 
shown) is formed on the boron-doped silicon oxide film 6 
and thereafter employed as a mask for partially removing" 
the boron-doped silicon oxide film 6 and the non-doped 
silicon oxide film 143 by anisotropic etching, thereby 
forming an opening 3 (see Fig. 93). Thereafter the resist 
pattern is removed, thereby obtaining the structure shown 
in Fig. 93. 

Then, a polysilicon film 4 is formed on the boron- 
doped silicon oxide film 6 and in the opening 3, as shown 
in Fig. 94. 

Then, the polysilicon film 4 located on the boron- 0 
doped silicon oxide film 6 is removed by etching or CMP, 
thereby obtaining the structure shown in Fig. 95. 

Then, the boron-doped silicon oxide film 6 is removed 
by etching, thereby obtaining the structure shown in Fig. 



96 



Thereafter the granular crystals 9 (see Fig. 92) are 
formed on the surfaces of the wire 5 with application of 
the step employed in the first modification of the DRAM 
according to the embodiment 1 of the present invention, 
thereby obtaining the structure shown in Fig. 92. 

With reference to Figs. 97 to 100, a modification of 
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the method of fabricating the first modification of the 
wire of the DRAM according to the embodiment 8 of the 
present invention is now described. 

A silicon nitride film 2 (see Fig. 97) is formed on a 
5 semiconductor substrate 1 (see Fig. 97). A non-doped 
silicon oxide film 143 (see Fig. 97) is formed on the 
silicon nitride film 2. A resist pattern (not shown) is 
formed on the non-doped silicon oxide film 143 and 
thereafter employed as a mask for partially removing the 
10 non-doped silicon oxide film 143 and the silicon nitride 
film 2 by anisotropic etching, thereby forming an opening 
3 (see Fig. 97). Thus, the structure shown in Fig. 97 is 
obtained. 

Then, a polysilicon film 4 (see Fig. 98) is formed on 
15 the non-doped silicon oxide film 143 and in the opening 3. 
Thus, the structure shown in Fig. 98 is obtained. 

Then, the polysilicon film 4 located on the non-doped 
silicon oxide film 143 is removed by etching or CMP, 
thereby obtaining the structure shown in Fig. 99. A wire 5 
20 is formed in the opening 3. 

Then, an upper portion of the non-doped silicon oxide 
film 143 is partially removed by wet etching with an HF 
aqueous solution, as shown in Fig. 100. The amount of 
removal of the non-doped silicon oxide film 143 can be 
25 controlled by changing the time for dipping the same in 



the HF aqueous solution. 

Thereafter granular crystals 9 are formed on surfaces 
of the wire 5, thereby obtaining the structure shown in 
Fig. 92. 

5 Referring to Fig. 101, a silicon nitride film 2 is 

formed on a major surface of a semiconductor substrate 1 
in relation to a second modification of the wire of the 
DRAM according to the embodiment 8 of the present 
invention. A non-doped silicon oxide film 143 is formed on 

10 the silicon nitride film 2. A wire 15 consisting of 

polysilicon is formed to be partially embedded in the non- 
doped silicon oxide film 143 and the silicon nitride film 
2. Side walls 23 are formed on side surfaces of the wire 
15 consisting of polysilicon. Thus, the sectional area of 

15 the wire 15 comprising the side walls 2 3 of polysilicon 

can be increased. Thus, the resistance of the wire 15 can 
be further reduced. 

With reference to Figs. 102 to 104, fabrication steps 
for the second modification of the wire of the DRAM 

20 according to the embodiment 8 of the present invention are 
now described. 

First, a fabrication step identical to that for the 
first modification of the wire of the DRAM according to 
the embodiment 8 shown in Fig. 93 is carried out, and 

25 thereafter a polysilicon film (not shown) is formed on a 



boron-doped silicon oxide film 6 (see Fig. 102) and in an 
opening 3 (see Fig. 93). Thereafter the polysilicon film 
located on the boron-doped silicon oxide film 6 is removed, 
thereby forming the wire 15 shown in Fig. 102. 
5 Then, the boron-doped silicon oxide film 6 is removed 

by etching, thereby obtaining the structure shown in Fig. 
103. Thus, parts 25 of the side surfaces of the wire 15 
can be exposed. 

Then, a polysilicon film 24 is formed to cover the 
10 overall surface, as shown in Fig. 104. 

Then, the polysilicon film 24 is partially removed by 
anisotropic etching, thereby obtaining the structure shown 
in Fig. 101. 

Referring to Fig. 105, a third modification of the 
15 wire of the DRAM according to the embodiment 8 of the 

present invention is basically similar in structure to the 
second modification of the wire of the DRAM according to 
the embodiment 8 of the present invention shown in Fig. 
101. In the third modification shown in Fig. 105, however, 
20 a wire 304 is made of amorphous silicon. Further, side 

walls 23 are also made of amorphous silicon, and granular 
crystals 26 are formed on surfaces of the wire 304 and the 
side walls 23. Thus, the resistance of the wire 304 can be 
further reduced due to the granular crystals 26 formed on 
25 the surfaces of the wire 304 and the side walls 23. 
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In order to fabricate the third modification of the 
wire of the DRAM according to the embodiment 8 of the 
present invention, fabrication steps identical to those 
shown in Figs. 102 to 104 are carried out and a step 
5 identical to that for forming the granular crystals 74 in 
the first modification of the DRAM according to the 
embodiment 1 of the present invention is carried out, for 
obtaining the structure shown in Fig; 105, 

Referring to Fig. 106, a fourth modification of the 

10 wire of the DRAM according to the embodiment 8 of the 

present invention is basically similar in structure to the 
third modification shown in Fig. 105. In the fourth 
modification shown in Fig. 106, however, a wire 15 is made 
of polysilicon, and granular crystals 26 are formed on 

15 surfaces of side walls 23 made of amorphous silicon. 

Granular crystals 35 smaller than the granular crystals 26 
are formed on an upper surface of the wire 15. Thus, an 
effect similar to that of the third modification of the 
wire of the DRAM according to the embodiment 8 of the 

20 present invention can be attained. 

Referring to Fig. 107, a silicon nitride film 2 is 
formed on a major surface of a semiconductor substrate 1 
in relation to a fifth modification of the wire of the 
DRAM according to the embodiment 8 of the present 

25 invention. A non-doped silicon oxide film 143 is formed on 
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the silicon nitride film 2. A wire 30 consisting of 
polysilicon is formed to be embedded in the non-doped 
silicon oxide film 143 and the silicon nitride film 2. 
Clearances 33 are defined between the wire 30 f the non- 
5 doped silicon oxide film 143 and the silicon nitride film 
2, A silicon oxide film 32 is formed to cover the overall 
surface. Thus, a parasitic capacitance in the wire 30 can 
be reduced due to the clearances 33 defined on side 
surfaces thereof. Thus, the semiconductor device can be 

10 prevented from delay in an access time resulting from a 
parasitic capacitance, as well as from deterioration of 
electric characteristics. 

With reference to Figs. 108 to 112, fabrication steps 
for the fifth modification of the wire of the DRAM 

15 according to the embodiment 8 of the present invention are 
described. 

First, the silicon nitride film 2 (see Fig. 108) is 
formed on the major surface of the semiconductor substrate 
1 ( See pig, 108). A non-doped silicon oxide film 143 (see 

20 Fig. 108) is formed on the silicon nitride film 2. A 
resist pattern (not shown) is formed on the non-doped 
silicon oxide film 143 and thereafter employed as a mask 
for partially removing the non-doped silicon oxide film 
143 and the silicon nitride film 2 by etching, thereby 

25 forming an opening 3 (see Fig. 108). Thus, the structure 
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shown in Fig. 108 is obtained. 

Then, an insulating film 27 (see Fig. 108) such as a 
silicon nitride film is formed on the non-doped silicon 
oxide film 143 and in the opening 3. Thus, the structure 
5 shown in Fig. 109 is obtained. 

Then, the insulating film 27 is partially removed by 
anisotropic etching, thereby forming side walls 28 (see 
Fig. 110) in the opening 3. A polysilicon film 29 is 
formed on the non-doped silicon oxide film 143 and in the 
10 opening 3, as shown in Fig. 110. 

Then, a part of the polysilicon film 29 located on 
the non-doped silicon oxide film 143 is removed by 
anisotropic etching or CMP, thereby obtaining the 
structure shown in Fig. 111. 
15 Then, the side walls 28 (see Fig. Ill) are 

selectively removed by etching as shown in Fig. 112, 
thereby defining the clearances 3 3 on the side surfaces of 
the wire 30. 

Thereafter a silicon oxide film 32 (see Fig. 107) 
20 which is inferior in coverage is formed to cover the 

overall surface, thereby obtaining the structure shown in 
Fig. 107. 

Referring to Fig. 113, a sixth modification of the 
wire of the DRAM according to the embodiment 8 of the 
25 present invention is basically similar in structure to the 
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fifth modification of the wire of the DRAM according to 
the embodiment 8 shown in Fig. 107. In the sixth 
modification shown in Fig. 113 , however, parts of side 
walls 28 remain under clearances 33, Also in this 
5 structure, an effect similar to that of the fifth 

modification of the wire of the DRAM according to the 
embodiment 8 of the present invention shown in Fig. 107 
can be attained. 

Fabrication steps for the sixth modification of the 

10 wire of the DRAM according to the embodiment 8 of the 

present invention shown in Fig. 113 are basically similar 
to those for the fifth modification of the wire of the 
DRAM according to the embodiment 8 shown in Figs. 108 to 
112. In a step identical to that shown in Fig. 112, 

15 however, the side walls 28 formed on side surfaces of a 
wire 30 are not entirely removed but partially left. 

The first to sixth modifications of the wire of the 
DRAM according to the embodiment 8 are also applicable to 
the DRAMs according to the embodiments 1 to 7 of the 

20 present invention. 

Although the present invention has been described and 
illustrated in detail, it is clearly understood that the 
same is by way of illustration and example only and is not 
to be taken by way of limitation, the spirit and scope of 

25 the present invention being limited only by the terms of 
the appended claims. 
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